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1.0 INTRODUCTION 


The Space Shuttle will accommodate 10,000 cubic feet of experiments and will 
fly on the average of 25 times per year. .Typical payloads will collect on the 
order of lO^^bits per day. The success of the STS missions requires that this 
data be handled and processed on a "routine" basis. 


The- OEDSF is a key step to the accomplishment of this requirement. The On- 
board Experiment Data Support Facility (OEDSF) will provide data processing 
support to various experiment payloads on board the Shuttle. The OEDSF 
study will define the conceptual design and generate specifications for an 
OEDSF which will meet the following objectives; 

1 . Provide a cost-effective approach to end-to-end processing 
requirements . The facility must provide a solution to the ever 
increasing costs of present ground system processing facilities 
within the context that flight hardware is inherently more expensive 
than' ground hardware. It must be derived from a systems analysis of 
the .end-to-end processing requirements and exploit the unique 
opportunities afforded by onboard processing and by the application of 
new technologies. These opportunities include adaptive control of 
sensors which collect the data; preprocessing of data using real- 
time available information such as ephemerides, spacecraft attitude 
and look angle, and atmospheric conditions as defined by auxiliary 
sensors; and the rejection of bad or uselsss data. 

2. Service Multiple Disciplines . The design of the facility must consider 
the data gathering devices and the data processing- requirements of 

the several disciplines which will utilize the STS, Since, most 
shuttle flights will be interdisciplinary, the concept must be able 
to accommodate various mixes of these instruments and disciplines 
on the Space Shuttle. 

3. Satisfy User Needs . The data should be immediately useful to the 

investigator. This implies a wide range of requirements corresponding 
to the spectrum of the user community. These range from those users 
x7ho desire totally extracted infomation, to basic experimenters who 
need all pertinent data collected. The common ' thread linking all 
users is the set of criteria by which we evaluate all data: quality, 

timeliness, and cost. 
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4. Reduce the amount and’ improve the quality ol! data collected , 
stored and processed . The facility must help prevent bad or useless 
data from being collected and stored and reduce the amount of ex- 
traneous data which normally accompanies the useful portion of the 
collected data. It must provide for annotation and other useful 
formatting of the data. 

5. Embody growth capacity . The facility will be capable of accommodating 
additional sensor groups derived from other disciplines, advances 

in the state of the art (second generation sensors) and expanding 
mission requirements. The facility will also be able to readily 
expand its own capabilities .by providing for the accommodation .of 
advances in technology pertinent to the facility’s functions. This 
objective indicates a modular approach to the design of the facility. 


This study is divided into three major tasks which are further divided into 

subtasks as described below. This report describes- the effort performed 
in Task 1. 

TASK 1 : Definition and Modeling of Classical Data Processing Requirements 

- Task 1 defines the processing requirements for logical groups of 
experiments and is divided into two subtasks. 

Subtask 1.1 - identifies, tabulates, and characterizes experiments which 
are candidates for STS missions. Eased on these characterizations, "boundary" 
experiments are selected and their end-to-end data processing requirements 
defined, "Boundary" experiments are defined as those which impose demands on 
the system of such magnitude that their resolution will also satisfy the 
demands of many experiments whose requirements fall within the envelope de- 
fined by the boundary experiment. 


Sub task 1.2 - is the combining of the boundary experiments into logical 
groups to permit viewing the OEDSF as an, integrated system, and the definition 
of the groups' processing requirements. The results of this subtask is 
the end-to-end processing requirements for groups of experiments. 


The output of Task 1 specifies the end-to-end processing requirements 
for groups of experiments which represent boundaries or such requirements. 



TASK 2 ; Definition of Onboard Processing Requirements 

Task 2 defines the onboard processing requirements for the grouped 
sensors and is partitioned into three subtasks. 

Sub task 2,1 ~ accepts as input the definition of mission-oriented 
groups of sensors and their end-to-end processing requirements. An end-to- 
end functional flow diagram is generated using functional blocks to 
show the processing steps necessary to convert raw sensor data into usable 
information. Each block is studied to determine its potential for 
application of new techniques and processing alternatives; the results are 
„s.tated ,in terms of _algorithms and procedures. To a first-level approxi- 
mation, the computation and storage requirements are" also estimated to 
provide the basic tradeoff materials. 

Subtask 2.2 - is essentially the rational choice of the space/ground 
partition line on the functional flow diagram produced in Subtask 2,1, It 
' is an iterative decision based on system-level tradeoffs, modeling of 
the costs and performance of implementing each functional block on the ground 
or in space and the iterative feedback from Task 3 and Subtask 2.3, The 
major output of Subtask 2.2 is the definition of the processing requirements 
for the onboard portion of the total processing system. The Onboard Experi- 
ment Data Support Facility is defined in terms of architecture, processing 
requirements in ‘terms of data and throughput rates, and identification of 
compatible processing techniques and equipment. 

Subtask 2,3 - evaluates the effectiveness of a processing system. The 
effectiveness evaluation are used primarily to enhance .the feedback from 
Task 3 .in order to make better space/ground partition decisions in Subtask 2.2. 
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Another benefit of Subtask 2,3 is the early identification of critical 
factors which might become flexibility or growth-liraiting- 

The output of Task 2 is the set of requirements for the Onboard 
Experiment Data Support Facility, the identification, of the facility’s 
architecture, and an evaluation of the total system. 

TASK 3 : Conceptual Design and Specification for an Onboard Processor 

Task 3 produces the conceptual design and specifications for the Onboard 
Experiment Support Facility, and the evaluation of the facility in terras of 
the objectives. It is divided into three sub tasks. 

Sub task 3.1 - refines the system architecture derived in Task 2 and 
defines the detailed OEDSF architecture. To whatever extent necessary the 
results of Subtask 3.1 is fed back to Task- 2 to modify and enhance the 
end-to-end system synthesis. 

Subtask 3.2 uses the outputs of Subtask 3,1 to transform the archi- 
tectural concept into a well defined processor design and specification. An 
initial point design is generated. The refinement of this point design 
and the definition of a second continue throughout the subtask. Critical 
components are identified, design tradeoffs are performed and 
resolved. The results of Subtask 3.2 is fed back to Subtask 3.1 and 
Task 2 for iteration toward an optimal overall design. 

Subtask 3,3 “ perforins in-depth analyses of the processor point designs 
produced over the duration of the Task 3 effort. These analyses begin after 
a processor has been sufficiently designed and specified in Subtask 3.2. 

They either serve as documentation that a given processor point design 
meets all the objectives (including those of growth capability, flexibility 
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and cost-effectiveness) or point out in a constructive manner where the 
design should be enhanced. 

The output of Task 3 '^iV the conceptual design and specification 
for the OEDSF. 
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2.0 SUtmRY AND CONCLUSIONS 


The major efforts in task 1 were the tabulation' of candidate boundary experiments; 
and the determination of processing requirements for the selected boundary 
experiments. The experiments considered were selected from the disciplines of 
applications, physical sciences, and life sciences. Sixty applications experiment 
‘were reviewed, of which thirty were tabulated and characterized. Fifty physical 
sciences experiments were reviewed, of which twent-one were tabulated and char- 
acterized. Twenty- six life science experiments were tabulated and characterized. 
The boundary experiments selected were: 

Application : Advanced Technology Scanner (ATS) 

Infrared Spectrometer (IRS) 

Correlation Interferometer Measurement of Atmospheric 
Trace Species (CIMATS) 


Physical Sciences ; 

Electron Accelerator 

Optical Band Image- and Photometer System 
Microwave Radiometer/Scatterometer 


Life Sciences ; Pulmonary Function 

Effects of Zero-G on Thermal Regulation 
Transient Analysis of Cardio-Pulmonary Function 

The effort in defining the processing requirements for the Life Sciences Exper- 
iments was halted when it was discovered that the Life, Sciences Directorate at 
NASA JSC is developing a program for onboard computer processing of these experi- 
ments . 


The other six experiments were defined to the depth necessary to perform the 
subsequent tasks in the study. 

A problem in this accomplishment was caused by the fact that most experimeni 
are still in an early stage of development and their data processing requirements 
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have not yet been defined by the experimenters. Further, many experiments 

f 

provide an ,insti-ument x-?hich may be 'used -in many different modes to measure 
various phenomena, frequently in conjunction xcith other undefined instruments. 
This impediment was minimized by references to precursor experiments similar in 
nature and objectives and coordination with the experimenters. 

The data processing requirements derived for the selected experiments cover a 
wide spectrum of needs which range from high data rates, complex processing, to 
opportunities for significant data reduction by editing techniques. 
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3. . CHARACTERIZATION OF EKPERII-IEMTS 

The methodology of the study depends upon point designs performed on 
selected boundary experiments . These, experiments are selected from tabu- 
lations of candidate experiments which are described only to the extent 
needed to establish comparative complexity in their data and their 
processing requirements . 

The experiments characterized were selected from sets which appeared 
sufficiently developed so that their data processing requirements might be 
defined. Table 3-1 characterizes the experiments .associated with physical 
sciences. Table 3-2 shows the experiments associated with applications. 
Table 3-3 shows life sciences experiments. 

The major sources of information for these characterization- charts were: 

Space Transportation System Payload Data' and Analysis (STSPDA) 

SEOPS Sensor Characterization Charts 
AMPS Experiments Preliminary Descriptions 

Shuttle Spacelab Mission Simulation Experiment Requirements & Criteria 

Additional data was obtained from several other documents and personnel 
familiar either with the proposed experiment or with a non-spacelab version 
(such as a Nimbus experiment) extrapolated to include its spacelab version 
requirements . 

The characterization parameters xjere selected to provide information 
matching that required by the boundary selection criteria. These parameters 
and their significance to this, task are discussed below. 

The Science Data is the primary output from the instrument. Its form and 
rate are significant parameters in determining the demands of the instrument 
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on the system. Relatively modest analog outputs can become driving data 
rate functions when converted to digital format with multiplicative factors 
of 16 and up (sampling rate and 8-bit words). 

The Measurement Period enables calculation of the total data collected and 
determines the storage requirements. The duty cycle also determines the 
time available for possible batch processing. 

The Ancillary Data Requirement is indicative of the onboard preprocessing 
or multiplexing potential. 

Onboard Displays frequently require some form of processing to enable 
interpretation of the information. The type of onboard display indicates 
the potential for and extent of onboard processing requirements. 

Interaction With Other Instruments is significant in determining the extent 
of processing required on the data of either or both instruments to enable 
the interaction. It is also useful in determining the group processing 
requirements if the interaction is with one or more other boundary 
instruments. 

The Data Processing Requirements column is intended to indicate the complexity 
of the processing required. Knowledge of the specific process needed is not 
vital at this level. 

Objective or End Product establishes a relationship between the raw instru- 
ment output and the final output, providing an additional measure of the 
complexity and extent of the end-to-end processing requirements. 
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' . Jts 3-1 

CHA.PACTEEIZATIOS OF PHYSICAL SCIENCES EXPERIMENTS 

Interaction 


Experiment 

Science Data 
Form Rate 

Measurement 
Period . 

Ancillary 

Data 

Required 

On- 
Board 
Display s 
Required 

With Other 
Instruments 
Possible (P) 
or Rcq'd (R) 

Data 

Processing 

Requirements 

Objective 

or 

End Product 

Unusual O O 

Requirements ^ 

and Comments S 

#1 

I'abry -Perot 

Interfero-' 

meter 

D 

100 

BPS 

2-3 Min. per 
measurement in 
limb- scanning 
mode; deter- 
mined by other 
systems when 
auxiliary. 

Ephemeris 

data. 

Relative 

pointing 

angle. 

Detector 

temp. 

Digital 
display 
for crev/’ 
cval. of 
instrum. 

status. 

Operated in 

conjunction 
with laser 
sounder, air 
glow spec- 
trograph, 8* 
gas release 
modules, 
as well as 
independ- 
ently. 

Basic output is 
intensity vs, 
wavelength. Com- 
parison with 
largo data bank 
or tables is ncc, 
for further 
proceaaing* 

Spectral analysis 
of atmos. emission 
lines & bands de- 
termine atmos. 
temps., compos- 
ition, winds. 

O to 

Instrument pointin^D 

error <0.1° 

sf 

^ S 

to fe 

#2 

Laser 

Sounder 

N/A 


Pulse mode at 1 
pulse per sec, at 
1 msec duration. 
Ea, pulse yields 
100-200 samples 
ior receiving 
instruments. 

■ Ephemeris 
data. Rela- 
tive point- 
ing angle. 

Emitted 
pulse time 
power. 
Laser lioad 
temp. 

Digital 
display 
for Crew ^ 
evalua- 
tion of 
instru- 
ment 
status 

Used in con- 
junction with 
other detec- 
tors (R). 

N/A 

No scientific 
data . 

Must be aligned with 
Other instruments. 
An omitting instru- 
ment without return 
collection capability. 

if3 

Film 

Vari- 

Exposure time 

Ephemeris 

Digital 

Interaction 

Data is on 

Spectrographs for 


Airglow 


able 

1-1000 secs; 

data- Rela- 

display 

with Fabry - 

film 

use in obtaining 


Spectro- 



approx. 700 

tive pointing 

for Crew 

Perot inter- 


concentrations, . 


graph 



total exposures 

angle. Ex- 

evalua- 

ferometer 


temp. , etc. of 





at irregular 

posure 

tion of 

(P) 


atmos, species 





times 

start & 

instru- 



as fen of al- ■ ’ 






stop 

ment 



titude, time, etc. 






times. 

status 






D, A 

-v60 

Instrument in 

Ephemeris 

CRT dis- 

Interaction 

Data obtained 

Amounts rates 

S/CA/Dwas 

Gas 


KBPS 

sunlight only. 

data. 

play for 

with Fabry- 

by Monochro- 

of solar excitation 

a.ssumcd for analog. 

Release 




Spacecraft 

crew eval. 

Perot inter- 

metor. Output 

it ionization of 


Modulo 




attitude. 

of instru- 

ferometer 

consists of in- 

gas species, etc. 







ment 

(P). 

tensity vs. 








status. 


wvlngth time 










Rates are ob- 










tained by anal- 










yzing spectrum 










as function of 










time. 



#5 



Maximum of 4 

Ephemeris 

CRT dis- 

Used with 

Requires corre- 

Map of earth's 


Electron 

A 

10 Mhts 

hrs. per day. 

data. 

play o£ 

gas plume 

lation of a large 

mag. field linos; 


accelerator 

D 

2. 5 


Attitude of 

vaf. para- 

release exp. 

number inter- 

mcae. electric 




KBPS 


spacecraft 

meters in- 

TV 5i spectro- 

acting para- 

field in iono- 






and accel- 

clud, pulse 

radiometric 

meters which 

sphere 






erator. 

shapes; 

instruments, 

makes process. 








some mast 

ion probes. 

diffic. Requires 








be stored 

etc. (R) 

analysi.s real 




as science tune display o£ 

data short pulse 

sliapos ( —100 ns) 
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T„ 3-1 (cont'd) 


Experiment 

u 

Oaa Plume 
Relea.se 

Science Data 
Form Rate 

Measurement 

Period 

Ancillary 

Data 

Required 

On- 

Board 

Displays 

Required 

Interaction 
With Other 
Instruments 
Possible (P) 
01 Req’d (R) 

Data 

Processing 

Requirements 

Objective 

or 

End Product 

Unusual 
Requirements 
and Comments 

TV 

4.5 

Mhz 

Maximum of 4 hrs. 
per day, concurrent 
with accelerator 
operation. 

N/A 

Replay of 
several 
secs of TV 
from 

video tape. 

Operates in 
conjunction 
with electxoh 
t, ion accel- 
erators 

Little process- 
ing roq'd. Data 
consists of op- 
tical observa- 
tions of plume 
release. 

Video tape of gas 
release. 

Controls of acceieia- 
tors must be coord- 
inated with gas re- 
lease h. video taping. 

Pyrohclio- 
meter t Spec- 
trophotometer 

D 

3 20 
BPS 

2 or 3 scans per 
daylight hall-orbit. 
10 minutes per scan. 

Pointing 
angle re- 
lative to 
the sun. 
Tempera- 
ture and 
ephemeris 
data. 

Lights to 
shov/ when 
various con- 
trols are 
activated. 

Simultaneous 
measurement 
of earth's al- 
bedo With 
second instru- 
ment (P). 

Bore sight 
with sun- 
tracker (R). 

Simple corre- 
lation between 
instruments 
St with ancil- 
lary data. 

1 . 0 W level 

processing 

requirements. 

Value of solar con- 
stant and solar 
spectral irrad- 
iance. 


^8 Optical 
band image 
5t photometer 
system. 

TV 

2 

units 

D 

Photo 

meter 

4 

Mh® 

each 

40 

KBPS 

Determined by 
phenomena to be 
measured. 

Ephemeris 
data; at- 
titude to 
0.02 ; time 
of middle of 
TV picture 
to . 005 sec. 

One video 
TV moni- 
tor U var- 
ious indi- 
cator 
lights 

None (R) 

Basic output 
is intensity at 
at preselected 
wavelengths * 
Quantity lU mbc 
of data types 
present a data 
mRmt. problem. 

Monochromatic 
images of faint 
natural phen- 
omena, c. g. , 
auroras (nat- 
ural &t arti- 
ficial}, glows, 
etc. 

Direction of photo- 
meters Controlled by 
crew, based on TV 
images. 

if') Infrared 
Interfero- 
meter 

D 

100 Q 
BPS 

3 minutes per data 
take; up to 3 data 
takes during a 
given orbit. 

Ephemeris 
datajpointing 
of instrument 
with acc. 
a 0. l'’. 

TBD 

None (R) 

Basic output is 
intensity vs* 
wavel< 2 ngth, 
Roquires cali- 
bration data 

to correct 
meae. 

Special analysis 
at IR wavelengths 
(Specific use TBD) 

o o 
►cf 5? 

8g 

W (> 

WO 

Limb 

Scanning 

Infrared 

Radiometer 

D 

12 

KBPS 

Oporatos from darl^ 
side of tho tormina- 
tor; one data ta^c 
may be up to 5 min. 

Ephemeris 

data. 

Relative 

pointing 

angle,' 

Detector 

temp. 

Display for 
crow eval- 
uation oi 
instrument 
status Sc 
data from 
4-12 spec- 
tral cha. 

None (R) 

Bai^ic output is 
intensity vs« 
wvlgth. Rcq. 
calibr, data. 
Spectrum com- 
pared with kwn. 
Spectra to idmt. 
trace gases. 

Measurement of 
trace epccice at 
altitudes up to 
120 Km. 

P s 

S s 

/*il Magnoto- 
plaama-dynlam- 
ic (MPD) arc 
(Level I Diag- 
nostics) 

A 

1 

Mha 

Approx. 4 hours 
per day 

Ephemeris 

data, 

Ambient 

plasma 

densities 

CRT display 
of poise 
wave forms 
& several 
housekeep. 
parameters 

Operates with 
mass spectro- 
meters, ion 
mass analy- 
zers, TV, 
etc. MPD 
arc is a sub- 
system. of 
particle 
accel. system 

Many inter- 
acting inputs. 
Requires sub- 
tract. of ex- 
traneous fields 
which may in- 
volve complex 
algoritlima . 
Real time data 
display req'd. 

Map of earth's 
magnetic field 
lines. Effect of 
perturbing iono- 
ophcrc conduct- 
ivity fii genera- 
tion of plasma 
waves. 

Requires rapid 
digitization of 
pulse wave forms. 


TABLE 3-T (cont'd) 


Interaction 
On- With Other 




Ancillary 

Board 

Instruments 

Data 

Objective 

Unusual 


Science Data Measurement 

Data 

Displays 

Possible (P) 

Processing 

or 

Roquiremonts 

Experiment 

Form Itato Period 

Required 

Required 

or Rcq'd (R] 

Requirem ents 

•End Product 

and Comments 


nyz Triaxial 

D 

600 

Wot Available 

Ephemeris 

Di.sp2ay of 

Combined use- 

Requires ex- 

Moasui'cment of 


Flux C-ate 


BPS 


Data. 

Instrument 

temperature. 

Spacecraft 

mag. field 
vec tor, 
wave prop- 
agation 

age with DC 
electric fields 
inst. , ULF 
wave fields 

traction of 
. vehicle mag. 
fields & real 
time data dis- 

natural hydromag- 
nctic wave prop- 
agation in iono- 
sphere & ULF 






attitude. 

vector y 
polarization 

measure- 
ments (P) 

play. Complex- 
ity similar to 
MPD arc 
above. 

noise generated 
by orbiter. 


#13 Ultra- 

Film 

^20 

Data taken only 

Ephomeris 

Display for 

None 

Data is on 

Measurement 


violet Occult- 


Exp. 

during the occult - 

data. Rela- 

instrument 


film . 

of molecular 


ation Spectro- 
graph 


per. 

mcas. 

ation of the sun or 
a bright star. 
10-20 one second 
exposures. 

tive point- 
ing angle. 
Exposure 
time. 

status. 



specie concen- 
tration & solar 
spectrum 
(300-2000?t) 


Ui UV 
Visible NIR 
Spectrometer 

D 

dOO 

BPS 

5 minutes per 
data take 

EphcmeriB 
data. Rela- 
tive point- 
ing angle. 
Scan rate. 
Wave- 
length 
selection. 

CRT dis- 
play of de- 
tector out- 
put during 
data take 
8< instru- 
ment 
status. 

Operation in 
concert with 
laser sounder 
k gas release 
instruments 
(P) 

Output inten- 
sity is anal- 
yzed to ident, 
absorp. bands 
Compar. with 
data bank to 
identify 
emissions 

Spcctrophoto- 
metric meas. of 
atmospheric 6; 
ionospheric 
emissions from 
300-10,000^ . 

t 

In-fllght calibrations 
using internal 
sources. 

#15 Faraday 
Cup. Retarding 
Potential Anal- 
yser. 

Cold Plasma 

A 

~10 

Mhz 

Approx. 4 hours 
per day. Same 
time line as tiio 
accelerators. 

Ambient 

plasma 

densities. 

Display of 
pulse shape 
signals in 
hoar real 
time. 

Used for 
accelerator 
beam diag- 
nosia (R). 

Many inter- 
acting inputs. 
Requires sub- 
tract, of ex- 
traneous fields 

Determination of 
current densities 
& part, accelera- 
tion energies in 
the electron & 

Require a fast A/ D 
converters, memory 
& reconversion to 
analog for CRT dis- 
play, 

probe. 

(Level II Dia- 




. 



which may re- 
quire complex 

ion beams. 

gnostic sj 







algorithms. 
Real time data 










display req'd. 



#16 IR 
Radiometer 

D 

10 

KBPS 

TBD 

Ephemeris 
Data. Rela- 
tive point- 
ing angle. 

Digital 
display for 
crew eval- 
uation of 

None (R) 

Output radiance 
values must be 
corrected using 
calibration 

Thcrmai balance; 
IR oxygen emis- 
sion^ 

© 





Detector 

temp. 

Scan rate. 

instrument 

status. 


tables. 


#17 XUV 
Normal 

D 

S 

KBPS 

TBD 

Ephemeris 
Data. Rela- 

Digital 
display for 

None (R) 

Output inten- 
sities are 

Identify con- 
stituents and 

^ L 

Incidence 

Spectrometer 




tive point - 
lag anglu. 
Spacecraft 
attitude. 

crew eval- 
uation of 
instrument 
status. 


analyzed as a 
fen. of ivave- 
longlh to idcnt. 
characteristic 

energy of the 
ionosphere. 


absorption ^ 

bands. ^ Co 
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TABLE 3-1 (cont’d) 


Experiment 

Science Data 
Form Rate 

Measurement 

Period 

Ancillary 

Data 

Pvcquired 

On- 

Board 

Displays 

Required 

Interaction 
With Other 
Instruments 
Possible (P) 
or Roq'd (R) 

Data 

Processing 

Requirements 

Objective 

or 

End Product 

Unusual 
Requirements 
and Comments 

#18 Narrow 
Band 
Filter 
Photometer 

D 

1000 

BPS 

TBD ■ 

Ephomeris 
data. 
Relative 
pointing 
angle. 
Spacecraft 
. attitude . 

Display of 
instrument 
output may 
be desired 
along with 
instrument 
status. 

None (R) 

Meas. inten- 
sities analyzed 
as fen. of 
wavelength, 
after correc, 
for instrument 
response. 

Study neutral 
density, aerosols, 
ozone, O^, day 
and night air- 
glow. 


#19 High 
Resolution 
Fourier 
SWIR Spec- 
trometers 

D 

TBD 

TBD 

% • 

Ephomeris 

data. 

Relative 

pointing 

angle. 

Detector 

temp. 

Digital 
display of 
instrument 
status. 

None (R) 

Sensor output 
must be con- 
voluted using 
Fourier trans- 
. forms to ob- 
tain intensity 
vs. wavelength. 

Identify constit- 
uents and distri- 
bution of both 
ions 8t neutral 
excited OH, 

O. & NO 
(1-5 pm). 


#20 

Cryogenic 

Fourier 

Spectro- 

meter 

D 

• TBD 

TBD 

Ephemeris 

data. 

Relative 

pointing 

angle. 

Detector 

temp. 

Digital 
display 
of instr- 
ument 
status. 

None (R) 

Sensor output 
must be con- 
voluted using 
Fourier trans- 
forms to ob- 
tain intensity 
vs. wavelength. 

Identify con- 
stituents S: 
distribution 
of both ions 
& neutral 
excited OH, 
Oj & NO 

(5-150 pm). 


#21 

Microwave 

Radiometer/ 

Scatterometcr 

D 

5-33 

KBPS 

Variable 

Ephemeris 

data. 

Spacecraft 
attitude and 
relative 
pointing 
angle. 
Antenna 
tempera- 
ture. 

Digital 
display 
or print-, 
out of 
selected 
house- 
keeping 
para- 
meters. 

None (R)' 

Backscattcr 
cross-sections 
must be cal- 
culated and 
processed to 
derive wind- 
speed para- 
meters. 

Wave heights 
and surface 
temperature 
distribution 
for ocean- 
ology. 

Water content 
of atmosphere. 
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TABLE 3-2 


CHAKACTERIZAnoW OF APFLICATIOiS EXPERIMENTS 


jeriment 


#1 

Modular 
Synthetic 
A.perCure 
Radar (SAR) 

il Z Multi- 
spectral 


//3 High 
Resolution 
Ozone Map- 
per (Hada- 
mard -Imag- 
ing Sensor) 

//4 Active 
Microwave 
Radiometer/ 
Scattoro- 

metcr 


Science Data 
Form Rate 


Measurement 

Period 


2. 5 10 minutes 

MHz per orbit 
30 ft. 


21.35 

MBPS 


1. 0 20 minutes 

KBPS per orbit. 


1. 07 

kbps 


41.4 Variable 
■ KBPS manually 
controlled 


Ancillary 

Data 

Required 


Ephemoris & 
attitude data 
at a rate of 
10 readings/ 


Ephemeris 
data. Relative 
pointing angle. 
Scan rate. 


Datitude it 
longitude for 
each pixel. 
Scan rate. 


Ephomoris 
data, Relative 
pointing angle. 
Antenna 
-temperature. 


Ephemeris 
data. Scan 
rate and re- 
lative pointing 
angle. Detector 
temperature. 


Ephemeris 

data. Scan 
rate and rela- 
tive pointing 
angle. Detector 
temperature. 


On-Board 

Displays 

Required 

Display for eval- 
uation of instru- 
ment status. 


Display for eval- 
uation of instru- 
ment status. 


Quich look data 
display is possi- 
ble requirement. 
Display for eval- 
uation of instru- 
ment status, 

Display for eval- 
uation of instru- 
ment status. 


Display for eval- 
uation of instru- 
ment status. , 


Display for eval- 
uation of instru- 
ment status. 


Interaction 
With Other 
Instruments 
Possible (P) 
or Req'd (R) 

None (R) 


None (R) 


None (R) 


None (R> Requires skew 

removal, decom- 
mutation, calcula- 
tion of antenna 
temp. Sc back- 
scatter coeffi- 
cient Sc reduc- 
tion of calibra- 

tion data. 

None (R) Requires cali- 

bration reduc- 
tion Sc radiance 
conversion. Re- 
quires calibra. 
data, tables of 
v/avelongth 
response. 

Reduced data Reduce cali- 
may servo as bration data Ss 
input to other apply to meas. 
instruments intensities. Re- 
(P). duce intensi- 

ties to temp, 
profiles , 


Data 

Processing 

Requirements 

Inverse Fourier 
transforms req'd 
to convert film 
imagery of inter- 
ference patterns 
to spatial Imag. 
Very complex 
docommutation 
processing, in- 
cluding tape 
track allcnm't. 

Requires inver- 
sions to recover 
both spectral U 
spatial infor- 
mation. 


None (R) 


Objective 

or 

End Product 

Radar images 
of earth's 
surface. 


Provide multi- 
spectral imag- 
ing for land 
resource 
management. 

Contour maps 
of ozone con- 
centration for 
cach altitude. 


CCT &e tabu- 
lations of bacik- 
scattcr coeff- 
icients; plots. 


Plots and tab- 
ulations of 
calibrated rad- 
iance levels of 
observed geo- 
graphic fea- 
tures. 

Geographic dis- 
tribution of 
temperature/ 
altitude pro- 
files. 


Unusual 
Requirements 
and Comments 

24 channels of telc- 
mgtry. Storage: 

10 bits per orbit. 


15 KBPS House- 
keeping data. 


Recording of 10 
bits per orbit. 


Redundant recording 
on 28 track recorder. 
Variety of operating 


7 KBPS housekeeping; 
7 KBPS frame sync. 


Candidate for total 
on-board data 
reduction. 
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TABLE 3-2 (co/it'd) 


Experiment 

Science Data 
Form Rate 

Measurement 

Period 

Ancillary 

Data 

Required 

On-Board 

Displays 

Required 

Interaction 
With Other • 
Instruments 
possible (P) 
or Req'd (R) 

Data 

Processing 

Requirements 

Objective 

or 

End Product 

Unusual 
Requirements 
and Comments 


#7 Modular 

Scanning 

Radiometer 

D 120 

MBPS 

2 Hours per 
day 

Ephemexis 
data. Scan 
rate and rela- 
tive pointing 
angle. 

^Display for eval- 
uation of instru- 
ment status. 

None (R) 

Reformating, de- 
commutating, 
calibration re- 
duction, rad- 
iance & geo- 
metric con-' 
version & 
correction. 

Radiometric 
intensity scans; 
specific utili- 
zation depend- 
ent on mission. 

Housekeeping and 
ancillary data is 
multiplexed into 
data stream. 

#8 Multi- 
ape ctral 
photographic 
facility 
(S-190A) 

D 8.192 

KBPS 

TBD 

Ephcmcris 
data. Exposure 
time. Aperture 
setting. 

Display for eval- 
uation of instru- • 
mont status. 

None (R) 

Time correla- 
tion to camera 
shutter. 

High resolu- 
tion multi - 
spectral maps 
of earth. 


• p O 

#9 Infrared 

Spectrometer 

(IRS) 

D 3.4 

KBPS 

TBD 

Ephemeris 
data. 
Relative 
pointing 
angle. De- 
tector temp- 
erature. 

Display for eval- 
uation of instru- 
ment status. 

Temp, pro- 
file may 
serve as in- 
put for other 
sensors (P) 

Output consists 
of intensity vs. 
wavelength. Re- 
quires data 
tables for cali- 
bration, H^O 
content deter- 
mined by anal- 
yzing ab- 
sorption lines 
in the spec- 
trum. 

Vertical temp, 
profile h H^O 
distribution. 


- ^ w 

^ t: 

C! 

tflO Auto- 
matic Pic- 
ture Taking 
(APT) 

Video 

Daytime 

Ephemeris 
data. Pointing 
angle. Timing 
information. 

Quick look 
data display 
poos'ibic. 

Input to 
other 

instruments 

(P) 

Output IS video; 
little process- 
ing required. 

Local cloud 
cover images. 

Slow readout 
(200 seconds);storcd 
image vidicon. 

ItiX Temp. / 
Hum idifcy 
Infrared 
Radiometer 
(THIR) 

Video 360 
Ha 

TBD 

Ephemexis 
data. Scan 
rate. Pointing 
angle. 

Quick look 
data display 
possible. 

Input to 
other 

instruments 

(F) 

Video output 
requires little 

processing. 

Cloud cover 
wo.t«r vapor 
mapping. 



i?12 Earth 
Radiation 
Budget 
(ERB) 

D 50 

BPS 

TBD 

Ephemc ris 
data. Scan 
rate and rela- 
tive look angle. 
Sun angle to 
+ 0. 2°. 

Display, for eval- 
uation of instru- 
ment status.. 

None (R) 

Output consists 
of intensity vs. 
wavelength. Re- 
quites calibra, 
data tables for 
correction of 
meas. values. 
Also requires 
correction for 
cloud cover. 

Planetary heat 
budget; solar 
radiation & 
earth flux. 

Requires imov/iedge of 
Sun angle to + 0. 2 deg. 
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■CABLE 3-2 (cont’d) 


Interaction 
With Other 


Experiment 

Science Data 
Form Rate 

Measurement 

Period 

Ancillary 

Data 

Required 

On-Board 

Displays 

Required 

Instruments 
Possible (P) 
or Rcq'd (R) 

Data 

Processing 

Requirements 

Objective 

or 

End Product 

Unusual 
Requirements 
and Comments 

#13 Medium 

Resolution 

infrared 

Radiometer 

(MRIR) 

D 

2 

KBPS 

TBD 

Ephemeris 
data. Rela- 
tive pointing 
angle. Scan 
rate. - 

Display for eval- 
uation of instru- 
ment status. 

Input to other Output conaiste 
instruments o£ intensity vs. 
(P) wavelength. Re» 

quires calibra, 
data tables. Dis*- 
trib, o£ atmos. 

Vertical temp, 
profile, heat 
balance, dist. 
of atmos. 
gases. 








• 

gases requires 
analyzing ab- . 
sorption lines 
in spectrum. 



#14 Advanced 
Technology 
Scanner 
(ATS) 

D 

90 

MBPS 

TBD 

Ephemeris 
data . Relative 
pointing angle.. 
Scan rate. 

Display for 
evaluation of 
instrument 
status. 

None (R) 

Requires radio- 
metric k geo- 
metric correc- 
tion. Data com- 
proEsioa may 
be required. 

Multlspectral 
image of 
earth 


#15 Global 
Survey of 
Atmospheric 
Trace Con- 
stituents ti 
Pollutants 

D 

420 

Wds/ 

Sec. 

Daytime 
2.5 Min/ 
Spectral 
Scan 

Ephemeris 
data. Relative ' 
pointing angle. 
Scan rate. 

Display for 
evaluation of 
instrument 
status, 

None (R) 

Fourier trans- 
forms req'd to 
convert intor- 
ferogratns to 
spectra of 
trace gases. 

Monitor trace 
gases in 
atmosphcife. 

Passive non-imaging 
experiment. 

#16 Correc- 
tion Interfer- 
ometer Mea- 
surement of 
Atmospheric 
Trace Species 
(CIMATS) 

D 

1200 

BPS 

Continuouo 

Ephemeris 
data. Pointing 
angle relative 
to nadir. 
Detector 
temperature. 

Display for 
evaluation of 
instrument 
status. 

None (R) 

Limb inversion 
calculations; 
•nadir iterative 
calculations. 

Vertical dist. 
of trace spec- 
ies (CO,CH,, 
NHy etc.) 

Passive non-imaging 
c.xperiment. 

Storage: 3-4 MB per 
orbit. 

#17 Infrared 
Spectro- 
meter (S-191) 

PCM 

54. 72 
KBPS 

Variable; 
manually con- 
trolled by 
astronaut. 

Ephemo ris 
data. 

Pointing angle. 

Detector 

temperature. 

Display for 
evaluation of 
instrument 
status. 

None (R) 

Output is inten- 
sity vs. ■wave- 
length, Requires 
-calibration Et 
radiometric 
correction. 

De'tcrmine 

atmospheric 

calibration 

data. 

Five aerisor wave- 
lengths are multiplexed. 

#18 Liimb 

Radiance 

Inversion 

Radiometer 

(LRIR) 

D 

4 

KBPS 

TBD 

Ephemeris 

data. 

Scan rate and 
pointing angle. 
Detector temp. 

Display for 
evaluation of 
instrument 
status. 

None (R) 

Limb inversion 

calculations 

required. 

Determine 
stratospheric 
profiles of 
temperature, 
H^O 5i 




3-2' (cont'd) 


Interaction 
With Other 


Experiment 

Science Data 
Form' Rate 

Measurement 

Period 

Ancillary 

Data 

Required 

On-Board 

Displays 

Required 

Instruments 
Possible (P) 
or Req'd (R) 

Data 

Processing 

Requirements 

Objective 

or 

End Product 

Unusual 
Requiramonts 
and Comments 

m Back- 
ocatter 
Ultraviolet 
Spectro- 
meter (BUV) 

D 

60 

BPS 

TBD 

Ephemeris 

data. 

Relative 

pointing 

angle. 

Display for 
evaluation 
of instrument 
status. • 

None (R) 

Requires calibra- 
tion of measured 
intensities, and 
log decompres- 
sion of data. 

Spatial dis- 
tribution of 
ozone. 


#20 Inirared 
Interfero- 
meter Spec- 
trometer 
(IRIS) 

'd 

3. 8 
KBPS 

TBD 

Ephemeris 

data. 

Pointing angle. 

Detector 

temperature. 

Display for 
evaluation of 
instrument 
status. 

None (R) 

Inverse Fourier 
transforms are 
reqviired. 

■Vertical temp, 
profile dis- 
tribution of 
atmos. gases. 


#21 Satellite 
Infrared 
Spectro- 
meter (SIRS) 

D 

20 

BPS 

TBD 

Ephemeris 

data. 

Pointing angle. 

Display for 
evaluation of 
instrument 
status 

None (R) 

Requires correc- 
tion of measured 
intensity using 
calibration tables. 
Analysis of ab- 
sorption lines in 
spectrum to 
identify gases, 

Vertical temp, 
profile & dis- 
tribution of 
atmospheric 
gases. 


#22 Trop- 
ical Winds 
Energy Con- 
version Ref- 
erence Level 
Experiment 
(TWERLE) 

D 

500 

BPS 

TBD 

Ephemeris 

data. 

Pointing angle. 
Position and 
velocity of 
radiating 
balloons. 

Display for 
evaluation of 
instrument 
• status. 

None (R) 

Solve time variant 
dopplor shift for 
Source position & 
velocity of radia- 
ting balloon. Store 
time & number 
sequence infor- 
mation on time, 
pressure, al- 
titude 
velocity. 

Determination 
of large scale 
motion.s; con- 
version of 
potential to 
kinetic energy; 
Provide 150 
mb reference 
level in 
southern 
hemisphere. 

Requires random 
access niemory. 

#23 Normal 
Incidence 
Spectro- 
graph 

D 

10 

KBPS 

Daytime 

Ephemeris 

data. 

Pointing angle 
relative to the 
sun. 

Display for 
evaluation of ■ 
instrument 
status. 

None (R) 

Output is intensity 
vs. wavelength 
which must be 
corrected for 
detector response 
as a function of 
wavelength. 

Solar line 
. profile. 

Solar pointing. 

#24 Grazing 
Incidence 
Monochro- 
meter 

D 

1 

KBPS 

Daytime 

Ephemeris 
data. Solar 
angle. 

Display for 
evaluation of 
Instru. status 

None (R) 

Same as #23. 

Solar lino 
spectrum 

Solar pointing. 
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TABIE 3-2 (cont'd) 



Interaction 
With Other 


Experiment 

Science Data 
Form Rato 

Measurement 

Period 

Ancillary 

Data 

Required 

On-Board 

Displays 

Required 

Instruments 
Possible (P) 
or Roq'd (R) 

Data 

Processing 

Requirements 

Objective 

or 

End Product 

Unusual 
Requirements 
and Comments 

#25 Very 
High Resol- 
ution Opti- 
cal Bar 
Panoramic 
Camera 

Film 

TBD 

Daytime 

Ephemeris 
data. Scan 
rate and 
pointing angle. 
Timing infor- 
mation. 

TBD 

None (R) 

Data is on film 

Detailed cul- 
. tural studies 
for tax assess- 
ment, project 
planning and 
environmental 
monitoring. 


#26 Wide 
Field Multi- 
spectral 
Camera 

Film 

TBD 

Daytime 

Ephemeris 
data. Scan 
rate. Pointing 
and timing 
info. 

TBD 

None (R) 

Data is on film 

High resolution 
multispectral 
mapping for land 
management use. 


#27 

Strato- 
spheric 
Aerosol 
Meas. 
(SAM n) 

D 

2 

BPS 

TBD 

Ephemeris 
data. Solar 
po.sition. 

Display for 
evaluation of 
instrument 
status. 

None (R) 

Requires cali- 
bration of Mea- 
sured intensi- 
ties and 
analysis of re- 
sulting spectra. 

Measurement 
of tropospheric 
& stratospheric 
aerosols. , 

Spectral radio- 
meters' (PIM 
photodiodes). 

#28 Lower' 
Atmospher- 
ic Comp, h 
Temp. Exp. 
(LA CATE) 

D 

4 

KBPS 

TBD 

Ephemeris 
data. Pointing 
angle and 
scan rate. 
Detector 
temperature. ■ 

Display for 
evaluation of 
instrument 
status. • 

None (R) 

Requires cali- 
bration of mea- 
sured intensi- 
ties. Requires 
analysis of ab- 
sorption spec- 
trum to iden- 
tify gases. 

Vertical pro- 
• files of O,, 
NO , H CX, 
HNO , N O, 
CH^ and 
aerosols; 
vertical 
temperature 
profiles. 

Scanning spectral 
radiometer 

#29 Aerosol 
Physical 
Properties 
Instrument 

D 

48 

KBPS 

Daytime 

Ephemeris 

data. 

Pointing angle, 
and scan rate. 

Display for 
evaluation of 
instrument 
status. 

None (R) 

Limb inversion 
calculation. Tab- 
ulated output. 

Vertical dis- 
tribution of 
atmospheric 
aerosols. 
(Z=10-80 Km) 

A 

2-3x10 bits/orbit 

#30 

Fraunhot'cr 
Lino Dis- 
criminator 
(FLD) 

D 

TBD 

Requires 

daytime 

Ephemeris 

data. 

Pointing angle. 

Display for 
evaluation of 
instrument 
status. 

None ,(R> 

Requires cor- 
rection of mea- 
surements using 
filter transmis- 
sion data. 

Daytime map- 
ping of lum- 
inc-sconcc. 

Uses solid Fabry- 
Perot bandpass 
filters (1/.2 R 
bandpass) 
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CHARACrERIZATION OF LIFE SCIENCES EXPERIMENTS 


Intor- 


Experiment 

Science Data Measurement 

Form Rate Period 

Ancillary 

Data, 

Required 

On- 

Board 

Displays 

Required 

action 
With 
^ Other 
Instru. 

Data 

Processing 

Requirements 

Objective or 
End Product 

Unusual Requirements 
and Comments 

#1 

Hemodynamic 
changes follow- 
ing exposure to 
weightlessness 

A 

TBD Minimum of 30 minutes 
per day on the 2, 4, and 
6th days of the mission. 
Requires two subjects. 

Time coding 
during ex- 
periment 

TBD 

None 

Correlation and 
interpretation of 
measured para- 
meters. Com- 
parison with 
baseline values. 

Determine changes in 
limb blood flow and 
relative pulse wave 
velocity/time during 
Orbital mission and 
their temporal course 
after the mission. 

S.xperimcnt has self-contained 
data acquisition and recording 
system. Ten parameters will 
be recorded. 

a 2 Cardiovas- 
cular studies on 
chronically in- 
strumented ani- 
mals. 

A 

TBD One hour set up, check- 
out and calibration. 

1/2 hour test period 
1/2 hour closeout and 
clean up 

TBD 

' TDD 

None 

Correlation and 
interpretation of 
measured para- 
meters. Com- 
parison with 
baseline values. 

Defuiition of tlie ex- 
tent of changes in 
the body systems 
during weightlessness 
by studying human 
surrogate. 

Ten parameters will be 
recorded. 

#3 Determina- 
tion of Cardiac 
Output 

D 

TBD Two inflight sessions 
of length TBD. 

TBD 

TBD 

None 

Correlation of 
data with over- 
all cardiopul- 
monary physio- 
logical eval- 
uations. 

To evaluate cardiac 
output, circulation 
time, etc. follow- 
ing weightlessness. 

Data will be recorded for 
computer analysis using 
charts, recorders, com- 
puters or tape. 

#4 Central and 

peripheral hemo- 
dynamic res- 
ponses during 
isometric 
exercise 

A 

TBD 30 minutes per day 

Time 

coding 

TBD 

None 

TBD 

To evaluate tlic 
effect of space 
flight on cardio- 
vascular res- 
ponses to iso- 
metric exercise. 

14 analog magnetic, tape 
, channels. All data will 
be analyzed post flight. 
Data consists of magnetic 
tape and crew logs. 

Ih Effect of 
Orbital Fluid 
Shifts on Cardio- 
vascular dynam- 
ics 

A 

TBD 5 minutes twice 
daily but more 
frequently immed- 
iately after 
achieving orbit 
and after landing 

Time 

coding 

TBD 

None 

TBD 

To study central 
volume loading 
effects caused by 
headward fluid 
shifts. 

Only post mission analysis 
required by already existing 
computer software. Self 
contained data acquisition 
and recording system. 

tii Effect of 
Eero G Fluid 
Shifts on the 
Vector Cardio- 
gram. 

A 

Similar to above . 
Six crewmen sub- 
jects arc required. 

Time 

coding 

TBD 

None 

Analysis and 
interpretation 
of vectorcardio- 
grams. 

To determine re- 
lationship of orb- 
itally induced 
fluid shifts to vec- 
tor car diographic. 
Changes observed 
during sJcvJab. 

Self-contained data acquisition 
and recording system. Only 
post mission analysis re- 
quired by already existing 
computer software. 

ft! Echo- 
cardiography 

A 

TBD 

Time 

coding 

Video 
Display 
0.02- 
100 Ha 

None 

Analysis and 
interpretation 
of echo cardio- 
gram and VCG. 

To study changes in 
dimensions and . 
cardiac mechanical 
and dec. functions 
throughout the 

Videotape yocordL^g of echo* 
cardiogram, digitization of 
analog and telemetry 

to ground in non -real time. 


cardiac cycle. 
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7AHB 3-3 

Ccont'd) 




Experiment 

Science Data 
Form Rate 

Measurement 

Period 

Ancillary 

Data 

Roquirad 

On- 

Soard 

Displays 

Required 

Interaction 
With OJiher 
In strum Oftts 

Data 

Processing 

Requirements 

objective or 
End Product 

Unusual 
Roquiromonts 
and Comments 

as Biostereo- 
metric Anal- 
ysis of Body 
■Form 

Film 

Twice first day, 
one per day 
thereafter 

Time 
' coding 

None 

Required 

None 

Analysis of 
photographs 

Dae biostcrco- 
metrics to exam- 
ine changes in 
body form ro- 
-sulting from 
space flight 
environment. 


//9 Bone and 
Muscle Mass 
Clianges After 
Space Flight 

N/A 

pf?5t -flight 

N/A , 

N/A 

None 

N/A 

'Measurement of 
location & magnitude 
of changes in muscu- 
loskotal constituents 
which result from 
Space flight . 

Bone mass replace- 
ment is measured 
post-flight using 
radioactive isotopes. 

jjlO Pulmon- 
ary Blood 
Flov^ 

TBD TBD 

Bt -hourly on day I 
6? daily thereafter, 
Approx» 35 min. 
per ecegjon. All 
crewmen wUl 
participsite^ 

TBD 

TBD 

Measure- 
ments c^n he 
obtained in 

conjunction 
with Ekoca' , 
f!^13 below. 

TSD 

Obtixin infornri?.tion 
On £ho time course 
i< magnitude of 
changes an central 
blood flow/volumc 
relationships ‘in 
Zero-G. 


ail Bespira- 
tory Physiology 

Demonstration - 

pviltnonary 

Function 

N/A 

Fqule times during 
first eight hours of 
flight daily there- 
after, 5-10 minutes 
per session. All 
crewmen wUi 
participate. 

Time 

coding 

Digitixl 
printer or 
graphics 
terminal 

None 

Data management 
utilizes PDFS 
computer in 
common with 
other experi- 
ments, Sufficient 
data to make 
on-board 
processing 
desirable. 

Objectives; Qual- 
ify man for long, 
duration space 
flight, examine 
physiologtcai 
mochanisina invol- 
ved as the pulmon- 
ary system adapts 
to weightlessness 
It then rcarJapts to 
normal gravity. 


HZ Effect of 
2crc*-G On 
Therctic- 
rcgvJatiorx 

D, A L ow 

Approx, 8 hours of 
data total during the 
ml^siour during 12 
sessions in the 
mission- 

TBD 

Dig ital 
display 
of var- 
ious 
para- 
meters 

None 

Data managoneent 
utilizes PDP8 
computer in com- 
mon with other 
experiments. 

Assess the effect 
of Zero -G on the 
rate of heat trans- 
fer from the body. 


3^33 Transient 
Analysis of 
C 3. r d?tOp \iirn ^n “ 
ary Function 

TBD 

AU crewmen wUi 
participate in dally 
tests of approx. 

35 tnin. Two crew- 
men per test. 

Time ' 
coding 

Digital^ 
display of 
various 
para- 
meters. 

Measure- 
ments can be 
obtained in 
conjunction 
witlr the Pul- 
monary 
Blood Flow 
Dxperhriont. 

Data management 
utilizes PDP 8 
computer in con** 
junction with 
other experiments. 

Obtain info on the 
time course S’ mag- 
nitude of change of 
scv. cardiopiilmon. 
parameters. Dovcl, 
computer analysis 
mctl)Odolo^»y com- 
patible with dUila 
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jf pooe quality 

Science Data. 
ExpeJriment Form Rate 

Measurement 

Period 

Ancillary 

Data 

Required 

TABL5 3-3 

On- 

Board 

Displays 

Required 

(cont'd) 

Interaction 
■With Other 
Instruments 

Data 

Processing 

Requirements 

Objective or 
End Product 

Unusual 
Requirements 
and Comments 

tfl4 Vestibu- 
lar Function 

A, 
Bil , 
level 

TBD 

Seven measurements 
per mission. Approx- 
imately 70 minutes 
per measurement. 

Time 

coding 

Video 

None 

TBD 

To use electro - 
nystagmography 
to measure the 
response of the 
human vesti- 
bular system to 
variable angular 
acceleration. 

Video observation of 
the experiment during 
all station passes. 
Real time telemetry 
Return of all recorded 
data. 

#15 Acute 
responses oi 
fluid h elec- 
trolyte meta- 
bolism to 
space flight. 

N/A 


TBD 

Nona 

Display 
scope & 
teletype 

None 

Chemical anal- 
ysis of blood 8c 
urine samples. 

Identification of the 
acute changes in 
systemic physiolog, 
factors occurring 
upon intro, to a 
Zero-G environment 


#16 Plasma 
Calcium Sc 
Parathyroid 
Hormone 
Changes in 
Weightless- 
ness 

N/A 


TBD 

None 

Display 
scope & 
teletype 

None 

Chemical anal- 
ysis of blood 8t 
urine samples 

Study of selected 
factors influential 
upon calcium bal- 
ance in early 
space flight. 

Very similar to prev- 
ious experiment. 
Computer for on-board 
analysis to be devel- 
oped. 

#17 Hemo- 
poietic Func- 
tion oi the 
Bone Marrow 

N/A 


N/A 

N/A 

N/A 

None 

Examination of 
bone marrow 8c 
tissue samples. 

Determination of ' 
the functional as- 
pects of the hemo- 
poietic processes 
in bo.ne marrosv & 
related tissuc.s. 

Only data consists of 
specimens returned 
to the earth and log 
information. 

m Study of 
Skeletal Muscle ’ 
Function in 
Space Flight 

A 

5-400 

Ha 

Twenty -eight 
mca.suromenta 
per mission of 
10-15 minutes 
duration each. 

Time 

coding 

TBD 

None 

Post mission 
digital process, 
of analog data 
power spectral 
density analysis 
of digital data. 
Statistical pro- 
cessing a poss- 
ibility. 

To describe muscle 
dysfunction charac- 
teristics & conse- 
quences resulting 
from space flight 
disuse. 

35 mm stills and 16 
mm movie (or TV 
video) of at least two 
experiment runs. 
Real time strip chart 
recording on ground. 

#19 Pcvelop- 
ment of an 
Animal Model 
Eyotem for 
Measurement 
of Perf. Im- 
pairment by 
S/C contam- 
Mants St Drug 
Zoro-G 
combination, 

N/A 


TBD 

Time 

coding 

TBD 

None 

TBD 

To investigate the 
effects of contami- 
nants 8t drugs in a 
zero-G environment, 
on parameters such 
as motor capability 
8t perception. 

Photographic data 
required. Experiment 
consists of various dis- 
crimination tasks 
performed by animals. 
Details on measure- 
ment system TBD. 
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tDS FOOF. QU'iLIT' 

On- 


Experiment 

Science Data 
Form Rate 

Measurement 

Period 

Ancillary 

Data 

Required 

Board 

Displays 

Required 

Interaction 
With Other 
Instruments 

Data 

Processing 

Requirements 

Objective or 
End Product 

Unusual 
Requirements 
and Comments 

§Z0 Salivary 
Analysis 

N/A 


Two times per week 
with a duration of 
15 minutes each. 

Time log 

None 

None 

Chemical anal- 
ysis of saliva 
samples. 

Analysis of salivary 
fluid collected from 
subjects in Spacelab 
mission. To deter- 
mine problems of 
collection of 
parotid saliva. 

Saliva specimens will 
be frozen for later 
analysis. No data 
support requirements. 

ifZl Closed 
Plant Eco- 
systems for 
Spaceflight 

N/A 


N/A 

TBD 

None 

None 

TBD 

Evaluation of para- 
meters of plant 
growth in space. 

Experiment consist.? 
of a series of growth 
runs to obtain data 
such as biomass 
yield curves under 
varying conditions. 

iIZZ Effect of 
Zero-G on 
muscle-likc 
contractile 
proteins 

TV 

TBD 

Ten minutes, 

3 times per day 

TBD 

TV 

None 

TBD 

Determine if tliere 
is any effect of 
Zero-G on musclo- 
liJto contractile 
proteins. 

Experiment consists 
of observing specimen 
with TV camera 
attached to a micro- 
scope. 

#23 Effects 
of Zero-G 
on the Sporo- 
phoro forma- 
tion of edible 
fungi 

Film 

StUl 

One measurement 
per day of 1 hour 
each. 

TBD 

None 

None 

Analysis of 
growth rate 
measurements 
• and photo- 
graphic film. 

Determine zero-G 
effects on sporo- 
phore development 
germination, 

i 

Requires daily 
measurement of 
growth of each spor- 
ophorc, and still 
pictures. 

j/24 Deter- 
mination of 
changes in 
volatile meta- 
bolites due to 
spaceflight 

TBD 


One measurement 
per day of 1 hour 
each. 

TBD 

TBD 

None 

Chemical anal- 
ysis of plasma 
and urine 
samples. 

Use novel gas- 
phase analytical 
systems to deter- 
mine if there are 
organic metabolic 
shifts due to 
spaceflight 

TV picture of strip 
• chart recorder. 
Analysi.? of urine or 
plasma collected in 
space flight. 

#25 Microbial 
growth charac- 
teristics of low- 
G stabjJliBed 
water immis- 
cible sub- 
stretes. 

F 

Still 

Experiment re- 
quires 120 hours, 
Measurements 
taken every 6 hrs. 

TBD 

TBD 

None 

Analysis and 
microscopic 
observations of 
cells Sc cell 
structures. 

To detormirte po- 
tential of applying 
low-O to theore- 
tical microbial 
techniques to 
establish a micro- 
biological applica- 
tions program. 

photos are taken for 
a visual record of the 
medium. Periodic 
samples arc taken for 
turbidity & cell count 
determinations 

#26 Specific 
site sampling 
in Spacelab for 
metabolic con- 

A, D . 

TBD 

One measurement 
per day of 1 hour 
each. 

TBD 

TBD 

None 

Chemical anal- 
ysis of contam- 
ination samples. 

Determine source fc 
cause of cabin 
atmospheric con- 
taminants in 

TV picture of strip 
chart recorder, and 
narrative from crew. 


tam. by in -fit. Spacelab. 

gaa -liquid 
chrom atography 
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BOUKDAKY EXPERIMENTS 


'Die experiments selected from Tables 3,1 thru 3,3 for further deflation and 
pomt design are those experiments designated as ’’Bomdaiy" experiments. 

The criteria for selecting the boundary experiments used to design the OEDSF 
must reflect the philosophy and methodology of the overall concept. The study objective 
is to determine the feasibility of designing an on-board data support sj'stem which can 
be utilized by a wide range of sensor types tO' provide a timely and cost effective approach 
to the end-to-end data processing problem. The methodology is to first select key 
experinaents and to determine, in detail, die end-to-end processing requirements of 
each. The design of the OEDSF will then evolve from the detailed requirements of 
these experiments. However, processing the data from these boundar 3 ' experiments 
will require the application of specific algorithms or teclmiques which may be subsets 
of more generalized processing functions. By substituting the more general process 
for the specific requirements it will be possible to not only meet the needs of the chosen 
boundary experiment but the needs of all experiments whose processing requirements 
can be grouped under the same generalized processing function. Choosing the boundary 
experiments is, therefore, a critical step in meeting the overall objectives of die study. 

In order to assure the judicious Selection of the boundary expeximcuts a 
set of necessary and sufficient criteria for choosing the experiments must be 
formulated. The criteria are detailed in the following paragraphs. That they are 
necessary is obvious'in view of the methodology of the study. Their sufficiency- can 
be seen. by correlating the OEDSF objectives with the selection criteria as follows; 


OEDSF Objectives 
Service Multiple Disciplines 

Satisfy user needs 


Reduce the Amount and Improve 
Quality' of Data Collected, Stored and 
Processed ' 

Embody Grov'th Capacity 


Provide a Cost-Effective Approach 
to End-to-End Processing Requirements 


Selection Criteria 

Representatlvenes s . 

Overall processing requirements. 

Overall processing requirements. 
On-board processing. 

Real-time requirements. 

Data rates and data storage. 
Overall processing requirements. 
On-board processing. 

Status of experiment .development. 
Overall processing requirements. 

Data rates and data storage. 
Overall processing requirements. 
On-board processing., 



Obviousl3', the data from a given experiment must be amenable to on-board 
processing. An indication of this will be given bj'^ the data rate 'Of the experiment 
together with its overall processing requirements. Tlie data rate will determine if 
extensive on-board processing is feasible (typically, this will be true for low data rates) 
or if the total volume of data will be the major problem (requiring data compression ■ 
or pre-processing). The overall processing requirements will provide a more detailed 
picture of what types of algorithms are needed and help to identify those which are 
amenable to on-board processing. 

In order to use the specific requirements of a particular experiment as a model 
for several sensors, the boundary experiment must be representative. The data and 
associated processing should he typical of that for a broad category' of sensors (e.g. , 
interferometer, spectrometers, etc.). 

In addition, substantial benefits should be derived from on-board processing 
of a particular experiment's data. To determine the potential benefits, one must 
identify those processing functions which are ideally suited to on-board processing 
(e. g. , exploitation of real-time availability of auxiliary data, quality assessment 
of data, etc.). Obviousty, most real-time processing which is required to assess 
instrument operation or to provide auxiliary data to other experiments can be done 
most efficiently on-board. 

Finalty, after considering the data rates, overall processing requirements, 

. j 

representativeness, and on-board and real-time requirements of a potential boundary 
experiment one must consider the status of the experiment’s development. Sufficient 
infoi’mation must exist so that point-by-point designs can be developed for the boundarj'' 
experiments. These specific designs will then serve as inputs for tlie design of a more 
general and versatile on-board data support facility consistent with the methodology 
of the study. 

The selection criteria jare discussed below: 
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Criteria for Selection of Boundary' Experiments 


1. Data Rates and Data Storage ; Experiments which, represent a large range of 
data rates should be chosen, Sich a selection will provide several boundaij" 
points in terms of hie data processing which can or must be considered in 
designing a processing sj'stem. For example, instruments \vith data rates 
less than 500 KBPS represent experiments for which considerable on-board 
processing such as formatting, application of calibration data, and partial or 
complete data reduction can be accomplished. Data rates greater than 50 hEBPS, 
on the other hand, may require the application of various data compression 
teclniiques and partial pre-processing to reduce the total accumulated volume 

of data to a level which can be practically recorded or transmitted, 

2. Overall Processing Requirements : The end-to-end processing requirements 
should involve a level of complexity which will truly benefit from the features 
offered by oh-board processing. When the end-to-end processing requirements 
of a particular experiment are viewed, it will be apparent that certain processing 
functions can be performed on-board, lypical candidate processing fimctions 
include complex correction tecliniques, correlation of several parameters, 
inversions or lengthy iterative calculations. If the end products of the experiment 
can be obtained more efficiently (i.e., quicker, less cost, etc.) by performing 
such on-board processing then the experiment will serv'e as a good boundaiy 
experiment. 

3. Representativeness : The data and its processing requirements should be 

characteristic or representative of that from many experiments. By considering 
the point by point processing requirements of these specific experiments (e. g. , 
radiometric calibration and correction, geometric correction, data quality 
assessment, etc.) generalized processing algoritlims can be designed to handle 
the boundary experiments as well' as ail experiments wliich require the same or 
similar processing functions. Also, an experiment which by itself or when used 

in consort with other experiments requii'es the processing and correlation of several 
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types of data (e.g. , digital, analog, video, etc,) provides the requirements 
for designing a more versatile data support system, 

4,. On-Board Processing: ; An experiment should have the potential for benefiting 

from on-board processing. One of the 'prime objectives of the OEDSF is to exploit 
tile real-time availability of ancillary data or the real-time utilization of other 
instrument data to perform on-board processing which mil minimize the amount 
and diversity of the data which must be transmitted or returned to earth. Such 
on-board pre-processing or processing of the data should have a significant 
■impact on the end-to-end processing; cost, timeliness, or quality. 

5. Real-Time Requirements ; Certain experiments require or desire real-time 
processing either for quick look and evaluation of instrument operation, or to use 
the data in adjunct experiments. Tlie real-time requirements must be considered 
as one of the "points” in the point-by~point design of a processing system. While 
usualty not a driving parameter in the cnmrall design, the real-time needs render 
the ejqieriment a prime candidate for selection if it also meets other houndaiy 
criteria. 

6, Status of Experiment Development ; Tlie experiment should be developed to the 
state where it is possible to cliaracterize its data output and define its data 
processing requirements. It will then be possible to do a point-by-point design 
of a processor for the selected experiments followed by a generalization of the 
design to be compatible with several experiments having the same basic require- 
ments. 

An additional consideration not explicitly stated as a criterion was to obtain a mix 
of various requirements and technologies, i. e. , active, passive, spectral coverage 
(visual, microwave) . 

Criteria 6, Status of Experiment Development, became a significant factor in that 
several experiments, winch otherwise were good candidates were not sufficiently 
defined to provide the processing requirements to the depth needed in the next step. 
As an example, the AMPS Level II Diagnostics experiments (Faraday Cup, Retardin 



Potential Analyzer; Cold Plasma Probe) wlilch satisfies most of the selection 
criteria (and was originally selected) will not be svifficienily defined for the 
purpose of this study for at least six months. 

Tlie experiments selected' as boundary, together wdth the rationale for their 
selection are sho'.m in Tables 4- la and 4-Tb and discussed in the following. ' 
paragraphs. Hie logical grouping of experimen'ts (Task 1.2) was performed 
as part of the selection process, i. e. , the experiments were selected from 
established payloads or were attributed to logical payloads. The OBIPS and the 
Electric Accelerator are parts of the proposed AMPS pa 5 doad. 

The ATS, the IRS, and the ClklATS are candidates for a SEOPS mission, and 
are grouped as such. 

The Microwave Eadioineter/Scatterometer (RADSCAT) was selected because of 
the complexity of processing requirements and to pro'vide a representative of 
the active inicrow'ave instruments family. The RADSCAT could be grouped either 
with the AMPS payload or with the SEOPS payload. Tiiere is presently no micro- 
■ft'ave instrument assigned to AMPS. Microwave instruments play significant roles 
in Eartli and Ocean Physics, Weather and Climate, Environmental Quality, and 
Atmospheric Sciences, A typical utilization of a microwave device in an Atmospheric 
experiment is described in a paper by Lewis J, Allison, et al ’’Tropical Cyclone 
■Rainfall as Measured by the Nimbus 5 Electrically Scanning Microwave Radiometer” 
Bulletin American Meteorological Society, Vol, 55, No, 9, September 1974. The 
RADSCAT also readily fits the SEOPS concept and can be used as an Earth and 
Ocean Physics Experiment as described in a report by William J. Pierson, et al 
"The Application of SeaSat-A to Meteorology, ’’ The University Institute of 
OceanogTaphj'' of the City University of New York for the SPOC group of NESS under 
grant No. 04-4-158-11. 

The life Sciences experiments selected are candidates for the SMS n paclcage and 
would be performed as a group. 
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BOUNDARY EXPERIMENTS . 


EXPERIWIENT 

REASON FOR SELECTION 

POTENTIAL BENEFITS OF 
ONBOARD PROCESSING 

ADVANCED 

TECHNOLOGY 

SCANNER 

(ATS} 

] 

DATA AND PROCESSING IS TYPICAL OF IMAGING 
VISIBLE/IR SPECTRUM SENSORS. VERY HIGH DATA 
RATE { SO MBPS). RELATIVELY COMPLEX PRO- 
: CESSING, SOME OF WHICH IS MORE EFFECTIVELY 
‘DONE -ON-BOARD. 

1 

DATA TOTALLY PREPROCESSED/ 
CORRECTED, READY FOR 
INFORMATION EXTRACTION; 
DATA IMMEDIATELY USEF.ULTO 
RESOURCE MANAGER USER 

CORRELATION 
INTERFEROMETER’ 
MEASUREMENTS 
OF ATMOSPHERIC 
TRACE SPECIES 
(Cl MATS) 

EXAMPLE OF DATA FROM A BROAD CATEGORY OF ' 
■ INTERFEROMETERS. REQUIRES LIMB INVERSION 
AND ITERATIVE CALCULATIONS. REQUIRES 3-4 MB 
STORAGE PER ORBIT. 

TOTALLY PROCESSED DATA REDUCES 
STORAGE REQUIREMENTS FROM 
> 1Q8 bits to TABULATIONS 
ELIMINATES NEED FOR ANCILLARY DATA 
AND CORRELATION WITH SCIENCE DATA 

i 

1 

INFRARED 

SPECTROMETER 

(IRS) 

.RELATIVELY LOW BIT RATE (3.4KBPS). PERMITS ' 

EXTENSIVE REAL-TIME ON-BOARD PROCESSING. 
REDUCED DATA CAN BE USED IN REAL-TIME BY 
.'OTHER SENSORS AS AUXILIARY CORRECTION DATA( 

PREPROCESSING CAN 
SIGNIFICANTLY REDUCE COMPLEXITY 
OF GROUND PROCESSING WHICH 
PRESENTLY UTI LIZES LARGE COMPUTERS 
FOR EXTENDED TIME PERIODS 

i 

1 


TABLE 4-lA 
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BOUNDARY EXPERIMENTS {CON'D) 



EXPERIMENT 


REASON FOR SELECTtON 


POTENTIAL BENEFITS OF 
ONBOARD PROCESSING 


ELECTRON 

ACCELERATOR 


MICROWAVE 

RADIOMETER/ 

SCATTEROMETER 

IRADSCAT) 


OPTICAL BAND 

.IMAGE-AND 

PHOTOMETER 

SYSTEM 

(OBIPS) 


COMPLEX DISPLAY AND STORAGE REOUIREMENTS 
(ANALYSIS AND CRT DISPLAY OF 100 NS PULSE 
SHAPES). REQUIRES FAST DIGITIZATION OF 
ANALOG DATA. REQUIRES INTERACTION WITH 
OTHER INSTRUMENTS. 


ENABLES REAL-TIME CONTROL 
AND INTERACTION WITH OPERATOR. 
REDUCTION OF STORAGE OF 
HIGH DATA RATE AND 
ANCILLARY DATA. 


PROCESSING REQUIRES COMPLEX UTILIZATION OF 
' ANCILLARY DATA WHICH IS AVAILABLE ON-BOARD 
’ IN REAL-TIME. EXPLOITATION OF THIS AVAILABILITY 
TO CALCULATE RADAR BACKSCATTER CROSS-SECTIONS 
WILL significantly REDUCE THE QUANTITY OF DATA 
RETURNED TO GROUND AND GREATLY REDUCE THE TIME 


elimination of LARGE 
QUANTITIES OF ANCILLARY 
DATA AND TIME CONSUMING 
RE-COR RELATION ON GROUND. 
DATA IMMEDIATELY USEFUL 
TO EXPERIMENTER. 


■BOTH TV and DIGITAL DATA AS OUTPUTS. REQUIRES 
HIGH DEGREE OF CREW INTERFACE (OM-BOARD REAL- 
TIME TV display), highly accurate attitude 
AND TIMING DATA MUST BE CORRELATED WITH 
SCIENCE DATA BY INSERTION INTO THE VIDEO VIA A 
CHARACTER GENERATOR (THIS MAY BE A GENERAL 
REQUIREMENT FOR ALL VIDEO EXPERIMENTS). LARGE 
PERCENTAGE OF TV DATA CONTAINS NO INFORMATION 
AND CAN BE EDITED'OUTOF MAIN DATA STREAM. 


ELIMINATION OF USELESS DATA 
WHICH MAY CONSTITUTE UP 
TO 95% OF data COLLECTED 
AT 8MHZ rate. 


TABLE 4 -IB 
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Advanced Technology Scanner (ATS) 

The data and processing' from the ATS is typical of imaging 
visible/ IR spectrum sensors. The output consists of digital words re- 
presenting radiance values for specific spectral intervals and geodetic 
locations. This raw data is "in error", and must have both radiometric 
and geometric corrections applied. Such corrections can be performed 
most efficiently on-board by utilizing real-time calibration input para- 
meters. In addition, the very high data rate {'^'90 MBPS) points out the 
need for such processing, together with some type of on-board data 
quality assessrnent to insure that only useable data is recorded or trans- 
mitted for complete analysis. 


Infrared Spectrometer ( IRS ) 

Nearly identical versions of the IRS experiment have been 
flown previously so that its data processing requirements are well defined. 
Radiance calibration and angular corrections can be performed efficiently 
on-board utilizing the availability of real-time ancillary data. Analysis 
of the corrected raw data, can be performed on-board to the extent nec- 


essary for use by other sensors as auxiliary correction data. • The end- 
to-end processing involves inversion of the radiative transfer equation 
and evaluation of the iterative solution of the water vapor equation. 


Correlation Interferometer Measurements of Atmospheric Trace Species 
(CIMATS j 

The data from the CIMATS experiment is representative of 
a broad category of interfei'ometer s. The low bit rate (-^ 3 KBPS) will permit 
extensive on-board processing. Real-time ancillary data, together witli 
a data bank of correlation functions can be used to perform the necessary 
corrections on tlie raw data and carry the required processing to the end 
product. Processing of the corrected data will require limb inversion and 
iteratiye calculations (e.g,, solution of 10 equations in 10 unknowns). 
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Microwave Radiometer /Scatter ome.ter 

Processing of the Microwave Radiometer/ Scatterometer d ,ta 
requires complex utilization of ancillary data which is available on- 
board in real-time. Exploitation of tliis availability to calculate radar 
backscattcr cross-sections will significantly reduce the quantity of data 
returned to ground and greatly I'educe the time requix'ed for end-to-end 
processing. In addition, real-tiore processing is desired to determine 
trend analyses of raw data(such as means and standard deviations) to 
provide a rapid indication of proper instrument operation. 

Electron Accelerator 

The electron accelerator must be \xsed in consort with 
various detectors. .Consequently, precise tiining between the accelerator 
operation and the detecting instruments is required.' Real time data dis- 
plays, and preliminary processing will be needed to select the accelerator 
program (i. e. , pulse duration, pulse repetition rate, beam injection angle, 
etc.). Capability for storage and recall of pulse shapes of several rapidly 
varying parameters, which must he correlated in time, will be required. 

This may necessitate the use of fast digitizers with selectable sampling 

frequencies of up to 100 MHz, 

! 

Optical Band Image and Photometer System (OBIPS) 

The experiment consists of three subsystems which have 
both TV and digital- data as outputs. A large percentage of the TV data 
contains no information and can be edited out' of the main data stream, 

i 

thereby reducing the telemetry or recording. requirements. Highly 
accurate attitude and timing data must be correlated with' the science data 
by insertion, into the video via a character generator. Additional house- 
keeping data is inserted in the vertical interval (i. e‘. , during the vertical 
retrace). This method of inserting ancillary data into the science data 
may be a general requirement or desired capability for all video experiments. 



Figure 4-1 indicates the satisfaction of the selection criteria 
by each cxpei-iment. A check mark indicates a medium to high value of the 
criterion, A lack of a check mark.is not necessarily a shortcoming. For 
example, the IRS has a low data rate which is an attribute enabling significant 
processing on-board. The selected experiments as a group cover the mati'Lx 
well and individually score high in the two key areas of On-board Processing ■ 
Potential, and Representativeness. 

Figure 4-2 depicts the spread of representativeness displayed 
by tbe selected experiments in the categories of data rates, data storage, data 
processing complexity, and sensor types. The basis of the histograms are 
the characterized experiments tabulated in Tables 3-1 and 3-2. 
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5.0 EHD-TO-END PROCESSING REQUIREMENTS 

The end-to-end processing requirements for each of the boundary experiments 
were established in terms of the functions and algorithms required. It 
must be noted that in all cases the requirements described, and the flows of 
processes, represent the present approach or the contemplated approach based 
•-_on present methods; i.e. all processing on the ground. 


During this effort, it was discovered that the Life Sciences Directorate 

at JSC is developing programs for onboard processing by a PDFS for the . 

biomedical experiments selected. The Life Sciences experiments were eliminated 

from further definition at this time for the following reasons: 

- The effort would be a duplication of the work being performed 
by. the Life Sciences Directorate. 

The data processing capabilities envelope defined by the other 
six experiments will not be significantly different from that 
which would be defined with the addition of these three experi-r 
•ments. 

IJone of the selected experiments have been fully developed -for their Shuttle 
application mode. Several experiments have been ’operated in other con- 
figurations either on spacecraft or sounding rockets. The information 
available on the data processing for these configurations was utilized as 
the basic input and modified for Shuttle sensors as indicated in conversations 
with the experimenters. 

This section contains the summaries of the Data Processing Requirements 
and the Data Processing Flow Diagrams for each of the boundary experiments. 
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Bescripcions of the instruments and/or experiments are contained in the appendix 
section. 


Appendix A describes the Advanced Technology Scanner’ (^ATS) and its processing 
requirements. Information contained therein'tvas obtained from the following 
sources; 


- Standard' Earth Observations Package for Shuttle^ Pinal Report 
(draft), performed under contract RAS 9-14335. 

- Earth Observation -Satellite System Definition Study, Final 
Report, performed under contract NAS5 t 20518. 

Total Earth Resources System for the Shuttle Era (TERSSE), 
Volume 9, performed under contract NAS 9-13401 


Appendix B describes the Infrared Spectrometer (IRS) and its processing require- 
ments. ■ The- IRS is identical to the High Resolution Infrared Radiation Sounder 
(HIRS) experiment on the Kimbus 6 spacecraft. The HIRS is, in turn, ah 
improved Infrared Temperature Profile Radiometer (IT-PR) instrument (17. bands 
versus 7), and its data processing is essentially identical except for the 
number of channels. Information contained in the summary and in Appendix B 
was obtained from the following: 

- H. L. Smith, "Iterative Solution of the Radiative Transfer 
Equation for the Temperature and Absorbing Gas Profile of an 
Atmosphere”, Applied Optics, Vol. 9, No, 9, Sept. 1970. 

- - 1?.L. Smith, etal, "Retrieval of Atmospheric Temperature Profiles 

from Satellite Measurements for Dynamical Forecasting", Journal 
of Applied Meteorology, Volume II, February 1972, 

- Section 3 of the Nimbus 6 User's Guide 

- Nimbus 5 Sounder Data Processing System 

Part I: Measurement Characteristics and Data Reduction Procedures. 

- SEOPS Final Report (draft) . 

Communications with Dr, P.G. Abel, NESS, NOAA 


Appendix G describes the Correlation Interferometry for the Measurement of Trace 
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Species (CI1‘IA.TS) experiment and its data processing requirements. Information 
contained in the summary and in Appendix C was obtained. from the following sources: 

- U.l!!. Granda et al, Carbon Monoxide Pollution Experiment, AlAA 
paper Ko, 71-1120. 

- Proposal for CIMATS, General Electric Proposal Mo. N-25002 to 
Advanced Application Flight Experiment Program including references 
listed at end of paragraph 5,3. 

Communications V7ith Dr, H„ Goldstein, GE. 

Appendix D describes the Microwave Radiometer/Scattercmeter and its data processing 
requirements. There is presently no specified active microwave experiment' for 
operation on the Shuttle; the RADSCAT was selected for completeness of boundary 
conditions. The model RADSCAT chosen and described herein is that which- was 
used on Shy lab experiments. The processes for data reduction are generic to this 
type of instrument and vjill be only slightly modified if a different utilization is 
made of the RADSCAT. Information was obtained from the following sources; 

- Willard J. Pierson, et al, "The Applications of SEASAT-A to 
Meteorology" . 

- MASA Documents PH0-TR524; Earth Resources Production Processing 
Requi'j-araents for EREP Electronics Sensors 

- GE Document 76SD4207 Rev D, Vol. lA; S-193 Microwave Radiometer/ 
Scatterometer/Altimeter Calibration Data Report Flight Hardware; 
perfromed under contract MAS 9-11195 

- Philco Document ERS-100-05: Radiometer/Scatterometer Design 

Document 

- Communications with Dr. F. JacRson and Mr. R. Eisenberg, GE. 

i 

I 

^ * 

Appendix E describes the Electron Accelerator and its data processing 

.requirements. Information contained in the summary and in Appendix £ was 
.. obtained from the following sources: 

- Informal document provided by Mr. G. Flanagan, Code EDS, 

MASA, JSC 
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- J. R. Winckler, et al; "Echo 2; A Study of Electron Beams 
Injected into the High Latitude Ionosphere from a Large Sounding 
Rocket," Journal of Geophysical Research, Vol. 80, No. 16, . 

June 1, 1975. ' • 

- R. W. McEntire, -et al; "Electron Echo Experiment 1; Comparison 

of Observed and Theoretical Motion of Artifically Injected 
Electrons in the Magnetosphere,"’ Journal of Geophysical Research, 
Vol 79, No. 16, June 1974. ' 

- R. L. Arnoldy, et al: "Echo 2, Observations at Fort Churchill of 

a 4-KeV Peak in Low Level Electron Precipitation," Journal of 
Geophysical Research, Vol. 80, No. 16, June 1975. 

~ Communications v?ith Dr, J. R. Winckler, University of Minn. 


Appendix F describes the Optical Band Imager and Photometer Systein (OBIPS) 

and its data processing requirements. The OBIPS is a new instrument which 

has no heritage. ’ A paper describing this experiment will be published by 

Dr. T.'N. Davis in September 1975, • Information contained therein vjas 

obtained from the following sources; 

- -Informal Document provided by Mr. G. Flanagan, Code ED5, 

NASA- JSC 

' - Communications with Dr. T. N, Davis, University of Alaska, 

Appendices G,H, and I contain copies of the SMS II proposals for the selected 
Life Sciences Experiments, and the data processing requirements summary. 

The information contained on the sunmary sheets following each of these 
appendices is based on communications with Dr, G. F. Sawln and Dr. E. Moseley, 


NASA- JSC. 



ADVANCED TECHOLGGY SCANNER 


Data and Processing 


Data Rate & Formati 


Duly Cycle: 


Processing Done 
Experiment Electronics: 

Anc^lary Data Required; 


Applicatica of Ancillary Data: 


Preprocessing Desired; 


Algorithms Required for 
Processing Data; 


89 MBPS. 

8_bits/wordt 

3730 words/scan line. 

Scan position indicators at 'beginning, 
midpoint and end of scan (.5 psec accuracy). 
Ancillary data is inserted during non-video 
portion 'of scan. 

Variable ~ determined by geographic location 
for which information is desired. 


None. 


Attitude and rate of attitude change. 

Timing. 

Spacecraft ephemerls. 

Radiomelidc correction data) 

'Would be desira'Dle to have information on 
which geographic areas are cloud covered. 

'Used to perform radiometric and geometric 
corrections and to correlate images with 
geographic 'postion. Cloud cover information 
would be used to determine time for taldng 
data. 

Stripping and buffering’ of timing data, quality 
assessment indicators, calibr-ation data, 
ground control point areas and ancillary data. 


Radiometric corrections require taiole 
lopk-up of correction coefficients and 
multiplication of measured values. 

Geometric correction, requires n-th order 
order polynomial {n typically 4 to 7) to 
eliminate cross-track errors. Similar 
correction is required for elimination of 
along-track errors. 



Processing Time Eequired: 
Troubleshooting Aids: 


Must provide' correction for scries where 
Oblique Mercator projection is required. 

Extractive processing to peiiorm signature 
analysis and class ificati go. requires a 
processing system similar to the General 
Electric IMAGE 100. 

TBB. 

Monitoring o£ housekeeping parameters, . 


40 



ADVANCED TECHNOLOGY SCANNER 


SENSOR OUTPUT 
90 MOPS 


EPHEMERIDE 

AND 

ATTITUDE ‘atmospheric 
DATA DATA 


RADIOMETRIC 
AND GEOMETRIC 
CORRECTION 
FUNCTIONS 




RADIOMETRIC 


DESTRIPING 


RADIOMETRIC 


GEOMETRIC X 


GEOMETRIC Y 

CALIBRATION I 
, 1 




CORRECTION 


CORRECTION 
1 

1 


.CORRECTION 


. 

SUN CAL 


DETECTORS 

■ 1 GROUND 


— fcKH 

- - -1 - 

GCP } 


WEDGES 

DATA 


CAL 

DAiA 



DATA 


CORRELATION 

i * 


GEOMETRIC 

resampler 


HDDT 

FOR 

INFORMATION 

EXTRACTION 
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ADVANCED TECHNOLOGY SCANNER COMMAND REQUIREMENTS 


Primary Power ON 1 

Redundant Power ON 1 

Telemetry Power ON 1 

Power OFE 1 

Focus Forward 1 

Focus Reverse 1 

Electronic Calibration ON 1 

Radiation Calibration ON 1 

Calibration OFF 1 

Heater Control ON,/ OFF Z 

Bands 1 through 7 Power ON 7 

All Bands OFF 1 

V/H Setting 1 

Bands 1 through 7 Gain Normal 7 

Bands 1 through 7 Gain High 7 
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ADVANCED TECHNOLOGY SCANNER TELEMETRY REQUIREMENTS 


DIGITAL TELEMETRY SIGNALS 


Primary Power Supply ON/ OFF 1 

Redundant Power Supply ON/ OFF 1 

Telemetry' Supply ON/ OFF 1 

Electronic Calibration ON/ OFF 1 

Radiation Calibration ON/ OFF 1 

Heater Controller ON/ OFF 1 

Band 1 to 7 Power ON/ OFF 7 

Band 1 to 7 Gain NORM/HIGH 7 

Focus Limit ON/ OFF 1 


21 

ANALOG TELEMETRY SIGNALS 


Cooler Temperature 2 

Structure Temperature Sensors 8 

Band 1 to 7 Detector Bias 7 

Heater Power 1 

■ Low Voltage Power Supply 8 

Input Voltage 1 

Miscellaneous 5 
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INFRARED SPECTROMETER 


Data and Processing 


Data Rate and Format: 


Duty Cycle: 

Processing Done By 
Experiment Electronics; 

Ancillary Data Required: 

Application of Ancillary Data: 


3. 39 KBPS 

18 bits /word 

EO words /scan element 

42 active data blocks (one per scan element) 
4 secondary data blocks ( suring scan 
mirror retrace) 

100 % 

Serial A/D conversion of data and storage 
in data accumulator for subsequent readout. 

Spacecraft latitude, longitude, altitude. 

For use in, coordinating data obtained 
specific geographic location. 


Quick Look Processing 
Required: 

Preprocessing Desired; 

Algorilhms Used in Pro- 
cessing Data; 


To be supplied. 


Generation of computer compatible tape. 


The function for performing the radiance 
calibration is given by; 


K(V.) 


^ <yi. [''(ri)-Vg(yi)] 


where R (y.) = radiance for channel y 
1 u 

corresponding to the output, ^()<)* 

The subscripts BB and S refer to black- 

body and space values respectively and 

L(V-f is the planck radiance corres- 

BB 

ponding to the blackbody temperature 


Angular correction involves simple miil- 
tiplication of measured radiance by a 
constant for each nadir angle and each 
spectral interval. 


Determination of surface temperature 
estimate requires comparison and aver- 
aging of surface brightness temperature 
measured in two spectral intervals for 
each' element of grid. 



2 


Algorithms Used in. Pro- 
cessing Data: (Cont'd) 


Surface temperature T{Pg) is calcvilatcd 
using; • 




ST(Pg) 






(Seo NOAA TM NESS 57 for detaUs) 


The method of calculating the clear column 
radiance depends on the observed cloud con- 
ditions, (See NOAA TM NESS 57 for details) 


The atmospheric temperature profile is 
obtained from inversion of the radiative 
transfer equation. 


U 


N+1 


Atmospheric water vapor information is ob- 
tained through ihe iterative solution 


(P) -U V) 


li 




/"uV) 

? 


d T 

N 

5U"XP) 


dP 

SP 


Refer to; Smith, "W. L. , "Iterative Solution 
of the Radiative Transfer Equation for 
Temperature and Absorbing Gas Profiles 
of an Atmospheric, " Applied Optics, 

Vol. 9, No. 9, Septe, 1970. pp. 1993-1999. 


Processing Time Required; 


To be supplied 


Trouble Shooting Aids; 


Monitoring of selected housekeeping para- 
meters such as temperatures and voltages. 
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INFRARED SPECTROMETER 

DATA PROCESSIWG FLOW DiAGRAiVl 


3.39 KBPS 


I RS 

ELECTRONICSr 


PERFORM 

RADIANCE 

CALIBRATION 


MH 


CALIBRATION] 
FUNCTION 
R(v|) 


NORMALIZE RADIANCE 
VALUES TO RADIANCE FOR 
ZERO MOLECULAR ABSORP- 
TiON AT NADIR ANGLE 
ZERO 


A 


ANGULAR 

CORRECTION 

COEFFICIENTS 


CALCULATE 
CLEAR COLUMN 
RADIANCE 


CALCULATE 
SURFACE . 
TEMPERATURE 



DETERMINE 
ATMOSPHERIC WATER] 
VAPOR INFORMATION 


CALCULATE ATMOS- 
MPHERIC TEMPERA- 
TURE PROFILE 


MM 


DEFINE GRID AND SUB- 
GRID VALUES OF SURFACE 
TEMPERATURE ESTIMATES, 
REFLECTIVITY AND 
EMISSIVltY OF EARTH 












INFRARED SPECTROMETER 


Telemetry Requirements 


TLH FUNCTION 

FILTER/CHOPPER MOTOR ON/OFF 
SCAM MOTOR ON /OFF 
ELECTRONICS ON/OFF 
FILTER/CHOPPER MODE NOK-I/HIGH 
COOLER CONE IffiATER ON /OFF 
SCAl^ MODE OFF /ON 
COOLER COVER ENABLE STOR/DEPLOY 
COOLER COVER STOR/DEPLOY 
PATCH HEATER ON /OFF 
FILTER VniEEL HEATER ON /OFF 
PATCH POETR 

+15VDC ELECTRONICS PORTR ■ 

-ISTOC ELECTRONICS POLTR 
+10VDC LOGIC POtJER (UNPTG) 

+5 VDC LOGIC POETR 
-15VDC TELEMETRY POVJER 
DETECTOR BIAS (LFJL) 

F/C MOTOR CURRENT 

SCAN MOTOR CURRENT 

COOLER COtTR POSITION 

SCAN MIRROR TEMPERATURE 

PRBi/vRY TELESCOPE MIRROR TEMP 

SECONDARY TELESCOPE MIRROR TEMP 

F/C HOUSING TEMP #1 

F/C HOUSING TEMP. #2 

F/C HOUSING TEMP. #3 

F/C HOUSING TEMP.. #4 

F/C MOTOR TEMP-, 

PADIANT CONE TEMP. 

RADIANT COOLER HOUSING, TEMP. 
PATCH TEMPERATURE 
BASEPLATE TEMPERATURE 
ELECTRONICS TEMPERATURE 


SIGNAL TYPE -SAMP SEC, 


DIG B 

3/16 

-DIG B 

3/.16 

DIG B 

3/16 

DIG B 

3/16 

DIG B • 

3/16 

-DIG B 

3/16 

DIG B 

3/16 

DIG B 

3/16 

DIG B 

3/16 

DIG B 

3/16 

ALOG 

1/16 

ALOG 

1/16 

ALOG 

1/16 

ALOG ' 

1/16 

ALOG 

1/16 

ALOG 

1/16 

ALOG 

1/16 

ALOG 

1/16 

ALOG ■ 

1/16 

ALOG 

1/16 

ALOG 

1/16 

ALOG 

1/16 

ALOG 

1/16 

ALOG 

1/16 

ALOG 

1/16 

ALOG 

1716 

ALOG 

1/16 

ALOG 

1/16 

‘ALOG 

1/16 

ALOG 

1/16 

ALOG 

1/16 

ALOG 

1/16 

ALOG 

i/16 
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infrared spectrometer 


COMMAND FUNCTIONS 

Filter/Chopper Motor ON 
?ilter/Chopper Motor OFF 
Scan Motor ON 
Scan Motor OFF 
Electronics ON , 

Electronics OFF 
Filter/Chopper Mode High 
Filter /Chopper Mode Normal 
Cooler Cone Heater ON 
Cooler Cqne Heater OFF 
Cooler Cover Enable, Store 
Cooler Cover Enable, Deploy 
Cooler Cover Store 
Cooler Cover Deploy 
Patch Heater ON 
patch Heater OFF 
Filter ETieel Heater ON 
Filter l-Theel Heater OFF 
Scan Mode OFF 
Scan Mode ON 
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CmATS 


DATA AND PROCESSING 


Data Rate & Format: 

Duty Cycle; 

Processing Done By Experiment 
Electronics; 

Ancillary Data Required; 

Application of Ancillary Data: 

Quick Look Processing Required: 

Preprocessing Desired: 

Algoritlims Required For Processing 
Data: 


2904 bits/ sec. 

12 bits /word, 242 words /frame 
10 words housekeeping followed 
by 232 words science data. 

100 % 

None 

S/C position- and attitude for all 
spectral band measurements. 

S/C location relative to Sun for 
non -thermal IR band and for both 
limb measurement bands. 

Position and attitude used to deter- 
mine location of nadir measurements. 
Location relative to Sun used for air • 
mass calculations for non -thermal 
IR band and for both limb measure- 
ments. 

Printout of housekeeping parameters 
for use in interpreting and correcting^ 
instrument behavior. 

Computer compatible tape of data. 

Multiplication of measured values by 
predetermined correlation functions 
for each of ten spectral hands. In- 
volves multiplication of two 16 bit 
numbers to 16 bit accuracy. 

Perform air mass calculations for 
noh-thermal IR and for limb meas- 
urements (simple multiplication) 



Axgoritlims Required For 
Processing Data: (Cont'd) 


Processing Time Reqviired: 


Invert limb measurements to get 
altitude pro'f-iie from column density. 
Solution, of 10 linear equation . in 
10 unknowns. 

Less tban 1 seconci/kilobit 


Trouble Sbooting Aids; 


Print out of housekeeping parameters. 
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CIMATS 

DATAPBOCESSING flow diagram 




CORRECTED 
data FOR - 


CCT 


‘mEQurn^ 
i bits each) 


CIMATS 

r-t cr>TDni\UCS 


1 CS’ 

ELHC 1 

1 : i 


integration of 
I ephemeris data! 

WITH SCIENCE & 
housekeeping 


■ ■ 

& location BELA- 

tlVETOTHESUN 


1 CORRECTED 
DAT A FOR 

Imeasurewients 


foSxUL^ 

M>|fyiASS FOR N( 


AIR 

IS^lKan^I 

I CONVERT TO ONE 
AiR MASS' 


COLUMN 
CONCENTRATION 

OF SPECl 
VS. 

1 nC ATiON 


CALCULATE AJR 

mass for umb 

measurements in 

both bands 



invert to 
altitude 
from column 
density 



IoncIntration 

• vs. 

altitude 
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CIMATS 


COMMAND REQUIREMENTS 


Primary Power ON 
Redundant Power ON 
Telemetry Power ON 
Primary Power OFF 
Redundant Power OFF 
Instrument Calibration ON 
Instrument Calibration OFF 
Scan Motor ON 
Scan Motor OFF 
Step Filter A 
Step Filter B 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

11 
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CIMATS 


DIGITAL TELEMETRY SIGNALS 

Primary Power Supply ON/ OFF 1 

Redxindant Power Supply ON/OFF 1 

Telemetry Supply ON/ OFF 1 

Instrument Calibration ON/OFF 1 

Scan Motor ON/ OFF 1 

Step Filter Channel A 1 

Step Filter Channel B 1 

7 
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MICROWAA^E BADIOMETER/SCATTEROMETER 


Data and Processing 


Data Rate & Format: 


Duty Cycle: 


Processing Presently Done 
by Experiment Electronics: 


Ancillary Data Required: 


Radiometer/ Scatterometer - Serial, 

PCM, fully formatted 5-33 KBPS, B10-L, 
digital MSB first 10 bits/word, 200 words/ 
frame, 4 sub -frames /frame. 

Housekeeping - 60 lO-bit analog words, 

4 10-bit digital words, all sampled 
once per frame (375 msec). 


On previous mission it was ^ 30 minutes 
per orbit. It is designed for more fre- 
quent or higher duty cycle operation. 


The Radiometer /Scatterometer . . 
only measures return pulse signal power 
(P^) for a finite time and A/D converts 
tins for insertion into the data. 

S/C ephemeris - time 

- latitude, longitude of 
sub satellite point 
-attitude control angles 
and rates - 3 axes 
-altitude and orbital 
velocity 

Ephemeris data is needed to compute 
slant range to instantaneous measure- 
ment cell and field -of-view coordinates 
for that cell. 

Optional method would be to compute 
these in real time and include in sensor 
data stream as well as use for on-board 
processing of P^^ data to o (radar back- 
scatter cross-section) data. 
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Application of Ancillaiy Data; 


Quick Look Processing Required; 


Preprocessing Desired;- 


Alg'oritiim for computing has slant 
range term, path loss term and antemia 
integral term. Each of these uses the 
ancillary data in their computation. Also, 
data is meaningless unless coordinated • 
with specific geodetic location of cell being 
measured on ground, a is given by; 


3 4 



where, R = 
X = 

L = 
Go (x) = 

m) = 

■ A = 



slant range of the target 
•wavelength of microwave 
energy .used 

one way atmosphere loss term 
antenna gain function 
tvi'o-way antenna pattern function 
area illuminated 
transmitted pulse signal power ■ 

return pulse signal power 


Selected key housekeeping parameters 
(digital or analog) such as TWT- voltages 
or digital sequence status bits give good 
indications of nominal operation. 

Trend analysis of raw (digital count or 
analog voltages) data such as means, standard 
deviaticfns would also provide rapid indicators 
of pi'oper operation. 

Processing of certain selected data sets 
over Imown targets of Imown characteristics 
would also he useful. 

Would ideally like to see output data as 
fully computed values of cr {radar hack- 
scatter cross-section) and (radar ‘ 

antenna temperature vs. latitude and 
longitude of cell field-of-view with supporting 
data of altitude range, time, sensor azimuth, 
etc, Algoritlnas required are described in 
PRO Til 524. 
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Algorithms Required for 
Processing Datav 


Proc^sing Time Required:' 
Troubleshooting Aids; 


Ihs desired parameter is the ’windspeed 
u obtained by solving the foUownig equpHon 
for u: qtq = Ku^, 

Algorithms for sohdng this equation can 
be found in ‘'Tlie Applications of SESAT-A 
to Meteorology" by W. J» laerson. V. J,- 
Cardons and J, A,‘ Greenwood. 

TOD. 

Certain selected housekeeping telemetry 
(analog and digital) points as well as 
limited science data measurements. 
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RADIOWIETER/SCATTEROIVIETER 

DATA PROCESSING FLOW DlAGRAiVl 



DATA TABLES 
8t CONSTANTS 


EDIT, DECOM- 
MUTATE, AND 
CONVERT AMT I 
TO GMT 


^ylODE STATUS 
PROCESSING 




REMOVE SKEW ■ 
AND REFORMAT 


STRIPCHART 
EVENT RE- 
CORDER, 
OSCILLO- 
GRAPH 





RADIOMETER/ 
SCATTEROMETERi 
CALCULATION 





EPHEMERISCORRE- 
LATION ENGINEER- 
ING UNITS 
CONVERSION 

1 



EPHEMERIS 
DATA 


PLOT 
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eadiometek/scatterometeb 

Coimnand Bequiremer.ts 


Radiometer 

Scatterometer 

Scan Mode: 

X- Track 
X' Track 
X- Track 
X- Track 

la-Track 
la- Track 


Power ON - 
Power OFF 


Power ON 
Power OFF 


Non-Continuous 
N on.- C ontinuous 
Non-Continuous 
Continuous 

Non-Continuous 

Continuous 


Five Polarization Modes 


RIGHT 

LEFT 

L/B 
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SISCTRON ACCELERATOXl 
DATA AND PROCESSING 


Data Rate & Foxnaat: 


Duly Cycle: 

Processing presently done 
by esperhnent electronics: 


Ancillary^ data required; 


Application o£ Ancillary Data; 


Accelerator - Analog 0-5 volt, 0,01 accuxac 
500 samples/sec - voltage 
500 samples/sec - current 
50 samples/sec - housekeeping 

TADS; Digital, 9 bit, 2 count rate channels 
each at 500 samples/sec 
. Analog, 0-5 volt, 0,01 volt accurac 
3 channels at 500 samples; 
Analog, 0-5 volt, 0.01 volt accura< 
10 samples/ sec - Iiousekec 

bour/orbit 


Accelerator - none 

TADS: Accumulate cotmts in channels anc 
form logs of high cofint rates. 

Accelerator - S/C position, velociiy, orii 
and accelerator orientnUon. 

TADS; Relative position v;ith respect to ; 
spacecraft , 

Pomi merge tape containing data and pos 
Must maintain, correct timing between Tj 
accelerator data. 

On ground - fo detepnine echo displacer 
from iniection point as function of LatLtv 
Longitude, time, etc. 

On board - to select accelerator progra 
orientation. 


Quick Look Processing Required: Scope display or strip chart record of 

and count rates for use in selecting gun 
Latitude and Longitude (with. degree i 
also needed. 
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Preprocessing Desired: 


Algorithms Required for 
Processing Data; 


Processing Time Required: 


Troubleshooting Aids:. 


Science 'data - none. 

Attitude/ orbit - smoothed, once per second 
sample rate. 


Calculation of echo displacement from injection 
point only requires knowledge of relative position 
of TAD and S/C. 

Determination of drift velocitj^ and bounce time 
require correlation of injection time and echo 
detection time. 

Model prediction involves solving equation of 
motion for the velocity vector of an electron 
in a magnetic field. Solution to the equation 
of motion involves spherical harmonics and 
Legendre poljmomials. Solution requires a 
few minutes on. a CDC CYBER 74. 

20 sec ends /megabir on a CDC CYBER 74 for 
count rate data (this includes producing a liigh 
resolution strip chart). 


Each accelerator *on"session will require a few 
minutes calculation for model predictions. 

Accelerator-battery voltages, filament header 
current, logic operation and housekeeping data. 

TADS - check of telemetiy s^mtem. 
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ELECTRON ACCELERATOR 

•DATA PROCESSING FLOW DiAGRAM 


(throw 

I AWAY 
i DETECTOR 
I (TAD) 


• 1 

T'AD 

POSITION 
RELATIVE 
TO S/C 




1 ONCE PER 
1 SECOND 


r-Ss. 


USE ANCILLARY DATA TO DETERMINE ECHO ' 
DISPLACEMENT FROM INJECTION POINT AND ' 
COUNT RATES AS A FUNCTION OF LATITUDE, 
LONGITUDE, TIME AND DISPLACEMENT FROM' 
INJECTION POINT 


ELECTRON 

ACCELERATOR 

i 




MERGE DATA FROM ACC. & 

TAD WITH POSITION, VELOCITY. 
ORIENTATION AND TIMING DATA! 



ONCE PER 
SECOND 

S/C POSI- 
TION, ORI- 
ENTATION & 
ACC. ORI- 
ENTATION 

...... p 







SELECT 
ACC. PRO- 
GRAM'^ ANOi 
ORIEN- 
TATION 

T" 


SCOPE DIS- 
PLAY OR 
STRIP CHART 
RECORD OF • 
GUN CURRENT 
& VOLTAGE 
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ELECTRON ACCELERATOR 
COMIMAND REQUIREMENTS 


’'Commaads" \Villbe astronaut activated switches lor: 

ON/OFF 
Program Select 
Accelerator’ Oi'ientation. 

Tiler e would be approximately 6 accelerator programs and there should 
be less than 20 operations per orbit. 


Telemetry Points 

Accelerator high voltage monitor 
Accelerator emission current 
Accelerator program/logic step 
Accelerator housekeeping monitor (TBD) 

TAD count rates and log count rates 





OPTICAL BAND MAGE AND PHOTOMETER SYSTEM 


I Subsystem 1 - Near IR Imager 
\ Subsystem 2 - Ultraviolet Imager^ 

Data and Processing 


Data Rate & Format: 
Duty Cycle: 


4 MHz analog video signal. 

Variable - 10 minutes to major portions 
of orbit. 


Processing Done by 

Ejq>eriment Electronics: All of the video processing including 

generation of sync and blanlcing pulses 
is done ^YitllUl the experiment electronics 
as is tile incorporation into the video 
signal of the internally generated house- 
keeping data. Look angles must be calculated 
externally. 

Ancillarj’ Data Required: ' Universal time. 

Latitude, longitude and altitude of shuttle. 
Astronomical look angle. 

Housekeeping data from associated 
experiments desirable, such as current 
and voltage from electron accelerator. 
Satemal housekeeping data, 

Tbe v'orld time, look angles and data from 
associated experiments can be incorporated 
into the data through the character generator. 
Ibe remaining 4 KBPS should be inserted 
in the vertical interval. 

Application of Ancillary Data: Since OBIPS is a multi-purpose experiment, 

the use of ancillary' data \vill be variable. 

In general, these data define the conditions 
pertaining to each image, i. e. , the location 
■ of the shuttle, the look angle, the filtering 
that is used, etc. 

Quick Look Processing Required: The video signal is appropriate for quick 

look witliout further processing. 

Preprocessing Desired: None. The video signal is useable without 

further processing. 



Algorithms Required for 
Processing Data: 


Processing Time Required; 


All video pictures must be screened 
eliminate those which do not contain 
of interest. The capability to perfor 
the editing on-board would significan 
reduce the telemetry requirements. 
Techniques of interpreting the video 
v/ill vary depending on the experimer 

TED 


Troubleshooting Aids: 


The video and included housekeeping 
.should be adequate for trouble she otir 
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OPTICAL BAND MAGE. AND PHOTOMETER SYSTEM 

( Subsystem 1 - Near IR imager \ 
Subsystem 2 -- Ultraviolet Imagerj 

Command, Telemetry, and Storage Requirements 


1. No ground based commands are anticipated. The experiment operators 
will have control of several functions during the active period, look 
angles as a function of time will in some cases be computer controlled. 

2. Real time' dovTO link telemetry - Analog video (4 MHz) for 10 minutes 
to major portion of orbit, 

3. Require storage of analog video (4 MHz) for one hour. There will be 
• 100% on-orbit duiiip with no returned data. 
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OPTICAL BAND IMAGE. AND PHOTOMETEE SYSTEM 


(Subsystem 3 - Visible and Near IR Photometer) 


Data Rate & Format: Maximum of 156 KBPS, 8 bit/word. 

Housekeeping ~ field of viev/, 1 word/sec » 

- filter temperature, 1 word/sec, 

- shutter, calibration lamp, 
■voltage, 1 \vord/sec. 

10 min'utes to major portion of orbit. 


None. 


Dut3? Cimle: 

Processing Done by 
Experiment Electronics; 


Ancillary Data Required; 


TBS. 


ApplicatiOfl of Ancillary Data; 


Quick Lock Processing Required: 


Preprocessing Desired: 

Algorithms Required for 
Processing Data: 


Picocessing Time Required; 


The ancillai^^ data defines the conditions 
pertaining to each measurement. 

Idealty, it "would be possible on-board and 
on the ground to read the response of the 
calibi'ation source in, addition to searching 
the records for intensities and look angles 
corresponding to particular times. 

None. 


Depends on particular experiment. 
Normally one would want to merge the . 
intensitj' output of the photometer with 
information gmiig the look directictn. Ihe 
photometer may be pointed or it maj' be 
scanning, but basically one must identify 
where the instrument was looldng. Also, 
the calibration data should be folded into 
the data,' 

TBD. 


Troubleshooting Aids : 


Signal and housekeeping are adequate for 
troubleshooting. 



OPTICAL BAND IMAGER AND PHOTOMETER SYSTEM 


Data Processing Flow Diagram 
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OPTICAL BA^^D IMAGE. AND PHOTOMETEH SYSTEM 
(Subsystem. S ^ Visible and Near IP Photometer) 
Command, Telemetry, and Storage Requirements 


1. The experiment operators \Vill have control bf all commands. 

2. Average digital down linic telemetr)’' is 16 KBPS with resolution 
of 1 millisecond. Telemetry •will vary from 10 minutes to major 
portion of the orbit, 

3. Requires storage of digital data at an average rate, of 16 KBPS 
for one hour, Oa-ofbLt dump of 100% of data is required. 


-as. 



6-0 GROUPING OF EXPERIHENTS 

The selected boundary experiments were grouped into two payloads. 

The ATS, the IRS, and -the CI11ATS are candidates for' SEOPS missions and were grouped 
a.s a SEOPS payload. 

The Electron Accelerator and the OBIPS are AMPS payloads instruments. The RADSCAT 
was grouped with these instruments' to increase the scope of processing requirements 
of the payload and, to broaden the range of representation, i.e., active microwave 
instrument. 

These instruments may be operated in conjunction -with each other. For examples, the 
ATS data may be corrected, fot atmospheric effects based on the processed output of 
the IRS. The OBIPS may be operated to view phenomena initiated by the electron 
accelerator. In genei^al, these interactions have not yet 'been defined and it is 
premature to assume specific interactions; thus a group processing requirements can 
he represented at this time as the sum of the individual experiments* requirements. 

Each set of requirements will be reflected in the design of the OEDSF, and means 
for permitting subsequent interaction between the various processing capabilities 
will be provided. 

This approach will result in a more versatile processor ^ich will accomodate 
future combinations of experiments. The sum of the requirements for each payload 
are sho^m on Tables 6-1 and 6-2’ together with the experiment (s) giving rise to the 
process. Additionally, Command and, housekeeping functions as tabulated under 
these headings will be provided by the DEDSF. 
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AMPS GROUP PRO-CESSING REQUIREMENTS SUMMARY 


COMMANDS 
Execution 
Sequencing 
F ormatting 

HOUSEKEEPING 
Eimit Checks 
Conversion 
Monitoring 
Display 

DATA 

Correlation o£ Experiments 
Instrument Calibration 
Coordinate Trans£ormatlon 
Annotation of Data 
Ancillary Data Insertion 
Ancillary Data Processing 
Data Quality Assessment- 
Data Editing 
Data Compression 
. Data Recording 
Generate COT 
Computational Processing 
Model Validation 

Correlation with Geodetic Parameters 


Electron 
Accelerator Sc 
Throw Away 
Detector 

Microwave 

Radiometer/ 

Scattero- 

meter 

OBIPS 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X ■ 

X 

X 


X 


X 

X 

X 


X 

X 

X 

X 

X 

X 

X 


■ X 



X 

X 


X 

X 



X 

X 

X 

X 

X 

X 


X 

X 


X 

X 
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SEOPS GROUP PROCESSING REQUIREMENTS SUMMARY 


COMMANDS 

ATS 

IRS 

CIMATS 

Execution 

X 

. X 

X 

Sequencing 

X 


X 

Formatting 

X 

X 

X 


HOUSEKEEPING 


Limit Checks 

X 

X 

X 

Conversion 

X 

X 

X 

Monitoring 

X 

•X 

X 

Display 

X 

X 

X 

DATA 




Corre-lation of Experiments 

X 

X 


Instrument Calibration 

XT' 

yv 

X 

X 

Annotation of Data 

X 

X ■ 

X 

Ancillary Data Insertion 

X 

X 

X 

Radiometric Correction 

X 



Geometric Correction 

X 



Nadir Angle Correction 


X 

X 

Data Quality Assessment 

X 

X 

X 

Data Editing 

X 

X 

X 

Data Compression 

X 



Generate CCT 

X 

X 

X 

Data Recording 

X 

X 

X 

Correlation with Geodetic Parameters 

X 

X 

X 

Computational Processing 

X 

X 

X 

Iterative Processing 


X 



Signature Analysis X 

Feature Reduction X 

Clustering 


X 



APPENDIX A 


ADVANCED TECrKOLOGY SCANNER . 

The major contributiou of a scannor in a SCOPS mission is the ability 
to imajje simultaneously portions of the vi Dual j near-infrared and thermal' 
infrared spectrum v.’ith good raciio-'^tric accuracy. The infrared region 
inherently provides coiisidcreblc uarih observation iiifornation and can be 
used to enhance spectral signr.ti.r<.- analysis \7ithin the visible channels. 

The SEOPS Scanner vill be used as a complement to other contemporary Earth 
observation pr'Ograms (EOS, SEOS) that v;ill contain sirailar instruments in 
that the SEOPS Scanner \.-ill provide higher resolution data and can be mission - 
dedicated for coverage and spectral band selection. 

The development .status of the Advanced Technology’ Scanner is less mature 
than. the other instruments being proposed for SEOPS. Three contractors 
-have propos-ed three, inherently different .scanning concepts for the KOS 
mission application^ and each contractor is presently testing breadboards 
of the scanning vieebanism and other critical components. Both Honeywell 
and Hughes have produced space-qualified scanning radiometers (S192 and 
EKTS >iSS respectively) which are the basis for their Advanced Technology 

i 

Scanner designs. Therefore, both the Image Plane Conical Scanner (tloueywell) 
and Object Plane Linear Scanner (Hughes) are being considered for the SEOPS 
concept definition. 

IllAGE PLANE CONICAL SCANNER 

The principal dements of the multispectral conical image plane scanner as 
designed for the EOS application and adapted for SEOPS are shown in the 
isometric drawing presented as Figure A-1. , Radiation from the ground is 
folded by the flat fold mirror to the spherical primary mirror. 


PAPJ? ro 






Tho image plane formed by the primary mirror is scanned sequenciaily by 
six sets of scan mirrors along an arc tliat is 18 degrees off the nominal 
optical axis of the primary. In object space » this corresponds to scanning 
along a portion of a cone with half angle of 18°. Tne total scan angle 
(arc length) is' equal bo the 6o'^ repetition" angle between scan mirror pairs. 
Of this 60° scan angle, 48 of arc are used for ground scanning, resulting 
in a scan efficiency of 807,. The balance of the scan line (12°) is used for 
xero reference, calibration, and transition from one mirror pair to the 
next. The scan mirrors . serve to fold the radiation onto the optical axis 
of the correcting optics which form a diffraction-limited image at the 
et'.trance slit of the spectrometer. The spectrometer utilizes a dichroic 
filter and prism to separate the visible and near-*IR radiation (see 
Figure A-2 ) before bringing the radiation to a focus on arrays of 
silicon and indium antimonide detectors, -The thermal IFOV is separated 
spatially from the IFOV corresponding to the other spectral channels and 
is sized at four tiraes the size of the visible and near-XR IFOV to maintain 
a reasonable HTF given the diffraction spot size at 10 utn wavelength. The 
thermal radiatioii is relayed to an array of (HgCd)Te detectors through a 
cooled bandpass interference filter. Signals from the various detectors 
are amplified, conditioned, and digitized. Both the silicon and the InSb 
detectors are of the high impedance type; therefore^ the same circuitry is 
used for each channel of tha six high resoliition spectral bands. The si.gnal 
proce.ssing electronics are modularized to Che maximum extent possible using 
integrated circuitry. 

A block diagram of the scan wheel servo system i.s shov;h in Figure A-3 
The rotational rate of the scan wheel is controlled by a phase-locked loop 
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which cor.iparc'-p ch.c square wave output of the optical shaft encoder with a 
reference' frequency derived from a crystal-controlled oscillator, A c6unter 
is used to count down from the crystal frequency to the shaft encoder 
frequency. The counr-downi ratio is determined by the spacecraft velocity 
to altitude ( V'h) ratio. Breadboard tests of the scan vjheel and associated 
servo system have demonstrated a scan accuracy of +0.15 IFOV in the scan 
direction' and +0.10 IfOV in the track (velocity vector) direction for a 
^3 tnicroradinn IfOV. Accordingly, ground correction of the data to remove 
scan non-uniformities will not be necessary. 


Modifications for SEQPS 

I'he ■ _ conical image plane scanner, as designed for the EOS 

application, is easily adapted to the SHOPS concept for use as the Advanced 

Technology Scanner (ATS) on shuttle missions. The principal modifications 

required arc: (1) the incorporation of an offset pointing mechanism to 

\ : 

position the entrance fold mirror for viewing ground swaths displaced fron\ 
nadir, (2) the addition of signal conditioning ^electronics to interface 
the analog signals from the detectors with the digital tape recorder, (3) a 
control module to slave the scan wheel rotational speed to the V/h of the shuttle, 

(4) replacement of the radiative cooler x^ith a Joule .Thompson cooler, and 

(5) capa'bility of changing spectral bands for different missions. 


Offset Pointing 

Offset pointing is incorporated into the ATS design by articulating the 
entrance fold mirror. A stepper motor and control logic position, the mirror 
up to +10° from the nominal position to allovj offset pointing of up to 
+20 degrees. 
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The offset pointing i-equiren:Gnt of the SLOPS application introduces distortion 
^AT»to the scanner data in a manner, however, which may be comnc'nsated uqing 
straightforward logic with cither oii-board or ground processing, \fnen 
viewing a swath centered on the nadir, the liiie-of~sight distance to the ■ 
ground is constant and the ground trace is a portion of a circle. The 
introduction of offset pointing shows the ground trace as.sho\m in 
Figure A“4 'This introduces a variation along the scan line in the ground 
resolvition. Tabic a- 1 lists the percent variation in ground resolution 
at the beginning and end of a scan line relative to the mid-point for several 
offset pointing angles. A more pronounced effect of the offset pointing is 
a skewing of the ground "footprint” of the scanner. For a linear, multiline 
scanner the skewing takes the form of a non- symmetrical "bow tie" while for 
a conical scanner j offset pointing results 'in a skevjing.of the segment of 

f 

a circle that is the normal footprint. Table A-2 .lists the difference 

in the ground radius to points at the beginning and end of a scan line 

\ . . • - 

relative to the midpoint of the scan line. The difference is expressed in 

' . ■ ■ 

terms of the number of ground resolution elements equal to tlie displacement 
distance based on 15 meter resolution from 370 Km altitude. 

The variation in ground trace with offset pointing angle is of little 
consequence in the ultimate use of the data acquired by the ATS since the 
ground trace is V7ell defined by the cone angle, offset pointing angle, scan 
angle^and vehicle altitude. Computer identification of ground features for 
crop inventory, urban development, etc. can be done in any coordinate system. 
For those situations where graphic presentation of the data is required, 
a row/column inversion technique is used to allow the production of 
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Ground Trace 
at Nadir 



Ground Trace 
for 20“ Offset 
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TABLE^^a- 



Por cp.nt Variation 

in Ground Rosoliition as 

a Function 


• of Offset Pointinj* 

Anglo 



Offset Point 

Beginning of 

End of Scan 


AbrIc 

Scan 



0 

. . 0 

0 


10 

-2% 

+2% 


20 

-5% • 

H-57, 

. 

30 

-77o 

+87; 




' TA]3kii_.A^2 _ • 



Skc^^Ticss of Ground 

Scan in Humber of IPOV 

for 15 Meter 


{ Rcsolul'loii from 370 Kn Altitucio 



Offset Pointing 

Beginning of 

End of Scan 


AbrIo 

Scan 



0' 

0 

0 


10 

-174 

. . 221 


20 

-501 

704 


30 

-1256 

1745 



A-9 






pictures on a linear film writer or reconciliation of data to an orthogonal 
grid map. With reference to Figure A-5 , the first j pixels of each of n 

rows is read into a memory, the data is transferred from the memory to the 
film writer a column at a time. .The procedure is repeated using successsive 
groups of j pixels in each of the n rows until all data has been utilized. 
The starting point of each line' dn the film V7riter is determined by the 
locus of the ground trace. This procedure has been used to produce imagery 
from S-192 multispectral scanner data \;ith entirely satisfactory results. 

It should be noted that the success of this procedure is due to the high 
degree of scan repeatability already demonstrated on the breadboard model. 


Data Handling 

The data formatting procedure of the Advanced Technology Scanner is determined 
by the characteristics of the high dara rate tape recorder. Based on 
experience gained .during the S-192 multispectral scanner Skylab program the 
best data handling procedure is to record the raw data from the scanner 
directly on tape with each tape track corresponding to a scanner data 
channel (i.e., a particular detector). Accordingly, the detector arrays are 

configured to scan 20 lines in parallel for the six' high resolution spectral 

» 

bands (see Figure a- 6 ) and five lines in parallel for the low resolution 

thermal band. The electronics associated with the 125 data channels are 


modified so that each data channel culminates in a serial digital output. 

The encoded serial digital output, from each of the 120 high resolution channels 
is fed directly to one of the 120' primary tracks of the tape recorder. Five 
of the twelve spare tracks are utilized to record data from the five thermal 


channels. Calibration and housekeeping data are injected in the data stream 

ft 

during the transition from one scan mirror pai-r to the next, providing^scan 
line by scan lino check for radiometric stability. 
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Figure a- 6 
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The one ditficult interlace betv;een the ATS and the tape recorder is 
matching the variable data rate of the ATS (a function of V/h) with the fixed 
acceptance rate of the tope recorder (2 x lO^BPS per track at 100 IPS). The 
data rate of the scanner is determined by the number of pixels (ground 
resolution elements) scanned per second, the number of samples /pixel, and 
the bits/sample. Figure A-7 presents the relationship between pixels per 
second per channel (high resolution spectral bands) and shuttle altitude 
based on a 43 microradian TFOV, 6200 pixels per swath width, and 807, scan 
efficiency (providing a maximum ground resolution of 30 meters from the 
highest expected Siiuttle operating altitude) . 

If it is no’.j assumed that the scanner is capable of detecting 0.57, differences 
in reflectivity over the expected range of albedo , then a 10 bit word is 
required to encode the analog signal from the detector. It is shown in 
Figure a- 7 that at one sample per pixel the bit rate per channel Is equal 
to the maxiinura tape, recorder track capability of 2 KBPS at an altitude of 

180 nm and decreases to 407, of this value at 400 nm. The minimum hardware solution 
to this problem is to sample at a constant rate using the tape recorder 
clock to control the sampling and digitizing electronics. The oversampling 
(more than one sample per pixel) that results at higher altitudes is removed 
either with onboard or ground processing. Data rate limitations at lower 
orbit altitude may be circumvented through reduction in data requirements 
(reduced dynamic range, increased pixel size) over the entire operating 
spectrum or through incorporation of an interchangeable spectrometer with 
reduced spatial resolution for low altitude missions. "For these missions flovm 
at altitudes below 180 nautical miles the angular IFOV is increased by 40 
per cent to 60 microradians. This increases the ground resolved distance at 
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180 nm altitude from 14 to 20 meters .and reduces the data rate by a factor of 
two. The change in resolution is accomplished by replacing the 43 firad 
spectrometer assembly with a 60 prad assembly. Electronics associated witn 
the spectrometer assembly effect tlic necessary change in scale factor between 
shuttle lyh and scan speed. 

V/U Control 

In order to maintain contiguous ground coverage for missions flown at 
different altitudes, it is necessary to change the speed of the scan wheel. 

With reference to Figure A-3 the countdoTO circuitry between the crystal 
oscillator and the phase comparator is replaced by a programmable divider. 

The countdown ratio is either preset prior to launch or is continuously con- 
trolled by a signal supplied from the Shuttle flight- control computer. The 
countdown ratio is included in the housekeeping recorded on the data tape. 

This technique allo'^.’S contiguous coverage from elliptical as well as 
circular orbits. 

Spectral Coverage 

The scanner is designed to cover the spectral region from 0.4 micrometers to 
1.75 micrometers and the thermal atmospheric window (10.4 - 12.6ji). The 
conical scanner utilizes a spectrometer to effect spectral separation. It is 
currently projected that the spectral bands V7ill be determined by the geometry 

i 

of the solid state detector arrays located at the image plane of the spectrometer. 

The desirability of being able .to change the spectral bandpasses of the instru- 
ment results in a configuration which allows quick modification of spectral 
response between missions. The entire spectrometer including optics, 
detectors, and pre-amplifiers forms a replaceable unit which is mated to the 
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telescope by means of alignment pins and clamping bolts. Wiile one unit is 
being flown, a second unit is modified and aligned using the GSE alignment 
hardvjare. Small -changes in spectral band edge definition are handled by 
changing the mask in front of the silicon array. Major changes require the 
replacement of the array. The unit is completely aligned and checked out 
prior- to installation in the ATS. 

Performance of SF.QPS Instrument 

The fact that the ATS must operate over a range of altitudes leads to a ' 
range of instrument values. The principal instrument parameters are pre- 
sented in Table ^-3 for an altitude range of 185 to 740 kilometers. 

Figure a- 3 ' presents the relationships between altitude and ground 
resolution, swath width, and scan wheel speed to facilitate the determination 
of intermediate values of these parameters. • 

The radiometric performance of the ATS is determined in part by the higher 

data rate required at the lower operating altitude relative to the EOS 

application. The maximum data rate is twice the EOS data rate which results 

in a reduction in instrument sensitivity by a factor of two, ail other 

parameters being equal (integer scaling rather than root scaling being due to 

the characteristics of the detector/preamplif ier at high frequencies). . 

Table a- 4 ' sutntnariyes the radiometric performance of the ATS for a sun 

o 

elevation angle of 75 and an albedo of 20%. The signal~to-noise ratio is 
sufficient to allow’ detection of 0.5% changes in reflectivity. 

Interface Regviiremcnts 

1. Mechanical - The outline drawing of Figure A-9 illustrates the 

principal dimensions and the mounting points of the ATS for SEOPS. The 


A-16 



Table ^-3 


ADVA^SCSD TECHl'IOLCXSf SCANNER -PEKPCRMANCE PARAblETERS 


Altitude Range 

Angular IFOV (microradians) 
Grouvid. Resolution, (meters) 
Swath width (kilometers) 
Scan VJheel Speed (rpm) 

Scan Efficiency 
Signal Bandwidth (kHz) 

Data Rate (MBPS) 

2 

Clear Aperture (cm ) 


. B30 - 740 KM . 
(180 - AOO M) 

43 

14 - 32 
87 - 195 
260 - 107 
80 % 

100 

240 

1340 


185 - 330 m 
(100 ~ 180 NM) 

60 

II - 20 
47 - 87 
350 - 175 
80% 

100 

240 

1340 


Table 

ATS RADIOMETRIC PERFORMANCE 


Spectral Band 
(micrometers) 

Noise Equivalent Radiance , 
(mlcr owatt s/ cm."^ sr) 

/ * 

0.42 - 0.52 ■ 

16 

95 

0.52 0.60 

13 

75 

0.63 - 0.69 

12 

55 

0.74 “ 0.80 

11 

45 

0,80 - 0.91 

10 

75 

1.55 - 1.75 

8 

46 

10.4 - 12.6 

13 

160 


ic 

For an albedo of 20% and sun elevation of 75 
""*Equal to 0,5 ^C NEAT. 
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advanced technology scanner 


Figure A-9 
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view angles are designed to accosTuaodate a +20 offset pointing capability. 

1 I 

! 

The estimated weight of the instrument is 173 'Kg with the centerj of 

gravity located in the plane of the mounting ring. The scan wheel 

i 

rotating at 200 rpm produces an anp,ular nomentum of approriraately 

• ? 

2.4 ft/lb/sec which is compensated to within 0.2 ft/lb/sec by a 3000 rpm 
counter rotating mass. 

2. Thermal - The optical quality of the ATS is maintained by holding the 

aluminum structure that constitutes tlie optical bench of the instrument 
o o 

at a constant 28 +.5 C using a network of temperature sensors and 

thermostatically-controlled strip heaters. Heater power requirements 
(approximately 50 watts) are minimized by thermally isolating the instru- 
mei\t from the surrounding environment using multilayer insulation and low 
thermal conductivity materials at the support interface. 

The constant temperature requirement of the scanner dictates that the 

o 

integrated thermal environment surrounding the ATS cannot .exceed 27 C. 

The average power dissipated by the electronics is quite low- due to the 
low. duty cycle of the instrument; however, the peak power when operating 
is about 200 watts. To prevent large thermal gradients from being 
introduced into the optical structure the electronics are thermally 
isolated from the optical system. Heat generated by the electronics is 
conducted to the SHOPS structure via copper straps. 


The detector arrays for speqtral bands 6 and 7, require cryogenic cooling. 
Both arrays arc located in a common dewar and are cooled by a self 
regulating Joule -Thompson cooler. The cooler is supplied by an 11 litre 
bottle of argon gas at a pressure of 6000 psi located, remote to the ATS. 
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3. nicclrrical 


-The electrical interface between the ATS and the SEOPS consists of , power 
leads, ri final leads, and control leads. The power requirements are 
detailed in Table A.“S .> The interface bet\;een Che high data rate tape 
recorder and the ATS requires 125 twisted shielded pairs to handle the 
serial binary input to the data tracks and a channel for the tape 
recorder clock to synchronise the digital circuitry of the ATS. The 
electrical interface is summarized in Figure A-IO. 

Typical ground commands transmitted and required for normal orerations 
arc giveii in Table A-6 ' The vehicle shall supply a clock signal for 

data synchronization, 

A typical telemetry complement would include approximately 21 digital 

and 32 analog telemetry points. The digital telemetry provides 
* \ 

verification for all conimand inputs. Kominal output voltage is 5 volts. 

Analog telemetry outputs are developed or processed such that the 

\ 

normal output range is zero to +5 volts. Table a- 7 gives a typical 
list of the telemetry functions monitored. 



The operating sequence depends in- part on the length of time between 
data runs. If data is being taken once per orbit the thermal control 
system is left on. The instrument is placed in a standby mode 10 minutes 
prior to a data run. This allows the scan wheel to come up to speed and 
synchronize. In the automatic sequence mode the' instrument shifts to 
the ready -mode after a delay of eight minutes. In the ready mode, 
power is applied to all circuitry. The taking of data is controlled by 
starting and stopping the high data rate tape recorder.. Manual overrides 
of all controls are also provided. 
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Tabic a- 5 Powcr .KcJiyi’-'?^-^— -• 


Analog Electronics 
digital Electronics 
Scan V’beel Drive 
Housekeeping Electronrcs 
X'ncrrDal Control 

Total ?o\?er including heateis 


78 watts 
25 watts 
12 watts max. 
12 watts 
50 watts max. 

177 


Required Voltages 
± 15V 
+ 5V 

t rv r> T T 

1- zov 


88 watts 
27 watts 
62 wates max. 
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AD VAK f-rn TF.ai^OT.OGY- 


RCQ'oIRi: 


■ENTS 


rri-iary I’o'.-’ar Oi’i 
Ucauncl-c-it I’ouor ON 
Tele.netry Po\;er ON 
Pov;er OPF 
Focus Forv?ard 
Focus Reverse 
Electronic Calibration ON 
Radiation Calibration ON 
Calibration OIT 
Heater Control GX/OFF 
Bands thru 7 Power ON 

e 

All Bands OFF 
V/h Setting 

I 

Bands 1 thru 7 Gain Hornal 
Bands 1 thru 7 Gain High 




Op 




IS 



TABLE A -7 


ADVANCED TECHNOLOGY SCA>r.NER TLLEHETRY RLQUIREMEKXS 
DIGITA3. TELEKETRY SIGNALS 


Primary Power Supply ON /Off I 

Redundant Power Supply ON/Off I 

Telemetry Supply ON/OEF • 1 

Electronic Calibration ON/CFF 1 

Radiation Calibration ON/OIT 1 

Heat Controller .ON/OFF 1 

Band 1 to 7 Power ON /OFF 7 

. Band 1 to 7 Gain KORM/HIGli 7 

Focus Limit OM/OFF 1 
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ANALOG TELEMETRY SIGNALS 


Cooler _ Tempex-ature Sensors 
Structure Temperature Sensors 
Band 7 Detector Bias 
Heater Power ' 


Power Supply Voltage 
Inpxtt Voltage 
Miscellaneous 
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4. Attitude Stability - The scanner takes data in a continuous rather thai 


a snapshot fashion; therefore, the effect of residual rates is not to 
particularly smear the image but to displace metrically the location o: 
each individual pixel so that the shape of the reconstructed image is 
distorted. This can, v?ith some increase in expense and complexity, be 
corrected ’in the ground processing system if the residual rates (about a 
three axes) are recorded and made available for ground processing. 

The spacecraft attitude control stabilization requirements for the scann: 
are based upon the scan parameters as ‘defined below (nominal 458 Ibr 
altitude) and the geometric accuracy requirements placed upon the system 
performance by the data user. 

SEOPS Scanner Scan Parameters 

Angular resolution (IFOV) = 43 prad 

lX-7eil time per IFOV 7,14 pscc 

No. of ■ IFOV/sc.an line = 6200 elements 

Time per scan line = 44.3 msec 

Frame time for 6200 x 6200 elements = 13.75 sec 

If the requirement is established for maintaining element- to-element 
registration from the beginning to the end of one scan line, the error 
is 7.75 pxad or 0,18 of an IFOV for a scan time of 44.3 m sec and 
assuming a Shuttle stabilization of 0.01 deg/sec (175 urad/sec) . This 
would appear to be an acceptable error. 

However, if registration accuracy is to be maintained for a full frame o 
6200 X 6200 elements with a total frame time of 13.8 seconds, the error 
from beginning to end of frame can be as much as 2420 prad which is 
equivalent to 56 IFOV’s. To maintain the frame end-to-ond registration 
accuracy to within 1 IFOV, the stabilization requirement would need to 
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to be 3ol prad/sec or 1.8 x 10 ' dcg/sec. This geometric accuracy 
specification would definitely require either an independently stabilised 
platform for the scanner or measurement and correction for the residua- 
rate. recommended approach is to 

utilize the data from the SEOPS gyro package and geometrically correct, 

■ the imagery with either onboard or ground processing. 

OBJECT PLANE LINEAR SCAh^T ER 

The primary difference beti/cen tVie object plane linear scanner and the image 
plane, conical scanner is the technique utilized for implementation ,of the 
cross-track scan. Given the same basic requirements, such as instantaneous 
field of view, swath width, orbital altitude, liumber of spectral channels, 
and data rate limitation, the performance of the t'wo scanners would be 
comparable. The perform.ance differences would be detorinined by such 
parameters as scan efficiency, -optical transmission efficiency, and detector;/ 
electronics noise. Therefore, this section will be limited to a discussion 
of the differences between, the two scanner design approaches. 

Th'e design concept and mechanical configuration for the object plane linear 
I 

scanner is shov/n pictorially in Figure A-11 » estimated weight for this 

design is 180 Kg with a power requirement of 100 watts. The object plane 
scanning is obtained by directing the ground scene with an oscillating 

• r 

I 

scanner mirror through a telescope and relay optics to a series of detectors 
located at the focal plane. Spectral definition is obtained by a series of 
bandpass filters with spectral separation into the seven spectral bands 
obtained by spatial separation. Data is taken on each half cycle of the 
scanning mirror oscillation by use of an image-motion-compensation dual mirro 
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FIGURE A" 11 


OBJECT PLANE LINEAR SCANNER 
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arrangement located in tlic optical system. The non-linear scan is monitored 
by an optical scan monitor defining start of scan, 'end of scan, and an 
insertable mid-scan indication in the data. 

The optical system is comprised' of the scan mirror assembly, the telescope 
assembly, and the aft optics assembly. The scan mirror causes the IFOV to 
sweep across the swath. It needs to scan only half of the angle of the full 
f ield-of-'view because of the angle-doubling effect that occui*s at reflection. 

I 

The mechanism has a nearly s^Timetrical scan pattern; i.e., the \?est to 'east 
forv;ard scan and east to west reverse scan are similar. Tiie departure of the s< 
the ideal sav.’tooth shape must be knovm and repeatable in order to correct for ge 
metric accuracy. The fact that the actual shape is different in the forward 
and reverse directions adds co.ujilexity to the ground processing. 

A scan monitor assembly is used to produce signals at start, center, and end 

of scan. This system consists of a gallium arsenide laser diode emitter, an 

\optical projection system, a scries of reflectors, and a pair of detectors. 

\ 

The accuracy in measuring the scan position is 0.5 p sec v?hich corresponds 
to one- tenth of an IFOV. 

The telescope assembly includes primary mirror, the secondary mirror, a 
folding mirror for directing the beam into the aft optics assembly, and the 
telescope structure which provides stable, accurate support of the optical 
elements and the Image Motion Compensator (IHC) . The HiC mechanism must 
produce an offset of the optical beam in the direction of the spacecraft travel 
by an amount related to the IFOV, the telescope focal length, and the number 
of detectors per array. The net effect is to compensate for the tilt in the 
uncompensated ground scan pattern due to spacecraft motion (Figure A-12. 


0KIG]NAL PAGE IS 
OP POOR QUALTO 


A-29 



SPACEf-RAFTTiUV- 




ORSnALMOTiO.I 

Figure A-12 "Uncomper.sated aj:ui Corriponaataci Grcur.d- Patterns 

j * II 

I 



A-30 



Several requirements arc placed on the mechanism chosen to provide IMG such 
as minimal change in optical path length and constant angle of incidence on 
the detector plane. The design concept for the IMG uses two rotating flat 
mirrors in the convergent beam of energy located near the image plane to 
minimize the magnitude of the scanning mo_tion. These mirrors are driven 
by a .function generator and servo control to compensate for the spacecraft 
v/h motion during each scan and resetting at the end of each scan in 
preparation for the next. 

The aft optics assembly contains a number of optical/electronic components. 
These components must be accurately positioned relative to one another and 
to the' telescope structure, and yet movable by. the two com.mandable focus 
drives (if commandable drives are found necessary). 

The focal p3ane' configuration is designed such that the visible and near-IR 
spectral bands are imaged directly onto individual silicon arrays. Filters 
placed directly in front of the arrays are used for spectral bandpass 
selection. The diode elements provide the individual field stops for defining 
the IFOV. 

Energy for the infrared bands passes through a focus at respective IR mask 
openings and is reimaged by a relay lens system. The detector elements provi( 
the field stops. The relay accomplishes the transfer of energy from the 
telescope plane to the location of the cooler and reduces the field stop size 
so that detector area and noise can be reduced. 

Each of the spectral bands is physically separated from each other in image s 
(and therefore object space) . Thus, they are not simultaneous, and coincides 
is achieved by the scanning motion and subsequent matching of samples. 
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For.-radiati'on calibration a lamp sourco is available and is reflected onto 
the detectors by moving a small mirror into the iicld-of-view. Issuing* a 
radiation calibration command causes the lamp to be powered by a constant 
current supply. 

The major scanner design modification requj.rcd to the EOS design concept 
in order to make the scanner compatible v;ith SEOPS mission objectives 
provides a variable frequency scan mirror drive. With a fixed scan 

angle and zero scan overlap, the scan mirror frequency it'icreascs as orbital 
altitude decreases. This relationship is shown in Figure A-15 . Data rate 

will also increase in the manner described in the previous section. Thus 5 
the electronics and interface with the tape recorder would need to be designee 
for the maximum data rate (which occurs at the minimum altitude) jand over- 
sampling will occur at higher altitudes. 

The increase in scan mirror frequency does not appear to present any mechanical 
problems down to an operational altitude of approximately 200 n.m. 

The only available data from Hughes is shown in Figure a- 14 • These two case 
Indicate the frequency of approach to instability occurs at approximately 18 1 
The baseline aperture is 40 cm w’hich lies bat^/een the 38 cm case and the 
43 cm case shown. There is ^therefore, confidence that this modification w’ill 
be straightforward. 

For altitudes belo\7 200 n, miles it would be possible to modify the focal 
plane configuration to increase the IFOV per detector, thereby decreasing the 
scan frequency requirement. For example, in order to maintain a maximum scan 
mirror frequency of 18 Hz at a 100 n. mile altitude the IFOV would need to- 
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be increased to approximately 70 urad as' compared to the norr.irial 35 prad. 

This would still provide ground resolution. 

The other modifications required for SHOPS operation are similar to those 
discussed for the image plane conical scanQer. The passive radiative cooler 
needs to be replaced with a solid cryogen, Joule-Thompson or closed cycle 
cooler. Off-nadir pointing capability can be accomplished by rotating the 
whole instrument about its optical axis (see Figure A-11 ). The capability 
of adapting spectral bandpasses within the total detector response for sped 
missions can be provided by changing the optical bandpass filters in the 
focal plane configuration. 
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ATS DATA PROCESSING 


Data Editing and Quality. Assessment 

An assessment of the received data is necessary to identify regions of valid 
data and' determ'ini ng characteristics for data- cata 1 ogi ng and future processing 
scheduling. Parameters to be determined include data quality, (i.'e,, bit error 
rate), cloudcover and failed detectors and other sensor problems related to tape 
area, in addition, a reformatting function must be performed to compensate for 
the multiplexing strateg ies and various sensor configurations which produce a 
serial data stream that has non-optimum pixel arrangements. For example, the 
output format must be band-to-band registered, spectrally interleaved, and 
linearized (all pixels along a straight line in sequence). 

Radiometric and Geometric Correction 

Ail ATS data v/i 1 ! be subjected to radiometric and geometric correction. 

The radiometric correction process consists of the removal of all sensor 
characteristics such as detector banding and sensitivity Instability and data 
handling effects. 

The geometric correction v/i 1 ! provide X and Y correction to an accuracy of 
approximately 15 meters, and the image data will be gridded with respect to a 
standard geographic projection (e.g.. Space Ob! i.que Mercator). 

The ATS preprocessing will run as a two pass operation, as shown in Figure 

A-15 

The first pass through the Data Processing Subsystem is performed at approx 
mately real-time data rates and is primari ly tor the purpose of screening the da' 
and extracting all the necessary information to perform the radiometric and geo- 
metric correction. 
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PASS 1 - PRCPaOSiSSK.U 


RtSAt'PlEO 



Figure A-15, Standard Processing Functions 

A functional flow diagram of the first pass preproccssi ng function is shown 
in Figure a~16. The data stripping and timing modules perform basic functions 
of stripping and buffering timing data, quality assessment indicators, calibratic 
data, ground control point areas, and ancillary data which has been inserted intc 
the video stream on the spacecraft. The ancillary data includes sun calibration 
data, predicted ephemeris, rate and position attitude data, timing updates, aligr 
ment information and assessment information. , 

This data is a.! 1 that is necessary to radiometrical ly correct the data and 1 
geometrically correct the data to 450 meter location accuracy. The ancillary dai 
assessment data, ground control point areas, and cataloging information is storec 
on a disc for all data on the video tape. The video data is reformatted, has 
preliminary radiometric correction applied, and is presented on an image display 
to allow an operator to assist in data assessment and ground control point area 
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Figure A-16. 
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selection. An output HDDT is not generated normally during this pass but one can 
be produced at a siower processing rate if a quick look at the data is desired. 

Pass 2 - Image Correction. The functional flow of the second pass through the 
data Is depicted in Figure A-17 . During the rewind of the video tapes in pre- 
paration for the second pass, the control and evaluation module uses the results 
of the first pass to calculate geometric and radiometric correction data based on 
the ancillary data contained on the video tape, as well as the areas of valid data 
to be processed. Since the actual image correction of the data is 'more costiy and 
slower to perform than is the preprocessing, throughput can be maximized by the 
eiimlnation of unuseable data and tape gaps. 

Resampling will be performed using — , bi- 1 inear, or cosine as the 
standard resampling algorithm. Catalog film of the corrected data will be gener- 
ated as an off-line function independent of the standard radiometric and geometric 
correction processor. 

The hardware configuration for the processor is shown in Figure A-18. It 
consists of the following elements: 

- General purpose computer and standard peripherals, 

- Special purpose processor, 

- Input data preprocessor equipment, and 

- -Standard equipment. 

The general purpose computer is a PDF 11/45 with 64K v/ords of memory. It 
utilizes the RSX-1 1 D multi-task operating system. All ground control location 
calculations are performed in the computer but by the use of shuttle rate data 
all but one of these ground control correlations are over a very small area 
(i.e., about 3x3 pixels). The computer controls and sets up all the special 







* nccoADCn 
CONTROL 
V.ODULE 


1 




woRno'^ocfts 

M{ 55 » 0 N 0 ATA 


» SfCCiAUNyftUCTlONS 
.MISSINC DETECTORS 
-PROCtSSiNC AREA 
<* BEST f(T EPHEVEBIS 
• CCPDATA 


PPINTEB 

MODULE 


• OPERATOfUNSTflUCTIOS 

• SYSTEM OIACNUSTJCS 
o SVSIEM STATUS 

« catalocincoata 



« CORRECTION DATA 
9 CATAIOCIMC INPORWATrON 
« CUAUTYDATA 


• QUICK LOOK 
o OPERATOR QUALITY 
ASOtSJMEWT 


Figure 


A-17 


mage Correction Functlona 


Flow 


Pass 2 














hardware and performs all the calculations required to generate radiometric and 
geometric correction functions. The software programs are shown In Table A-8 

Software -Programs ' 

Program Listing 

© RSX-t ID Operating System 
e POP Diagnostic Softv/are 
o Subroutine Library Software 
© Others 

o Special Hardware Control Software 
o Special Hardv/are Initialization 
Software 

e Data Stripping and Storage Software 

o Radiometric Correction Function 
Calculation Software 
© Geometric Correction Function 
Calculation Software 
0 Ground Control Point Location 
Software 


The special purpose processor consists of a radiometric correction module, a 
geometric correction and data reformatting module and an operation correction 
module. The radiometric correction module uses a 16 breakpoint table iook-up 
function generator to perform sensor correction. The function generator is loaded 
with the proper coefficients from a solid state shift register buffer. The buffer 
can hold up to 19,200 sets of correction tables. The geometric correction and data 
reformatting module consists of an X-corrector, a solid state buffer memory and a 
Y-corrector. The X-corrector performs both the data reformatting and the along the 
scan resampling. The solid state buffer memory buffers the 200 tines of data re- 
quired. The Y-corrector operates on the data in the buffer to provide two 
dimensional correction for the scenes where mapping in Space Oblique Mercator or 
another rotated projection Is required. The aperture correction module consists 
of a 5-line solid state memory buffer and a 5 x 5 programmable hardware correlation 


Table A- 

Ciassif i cat ion 
Standard Software 


Special Purpose 
Processor -Control 
& Initial] zation 
Software 

Appl i cat ion 
Softv/ore 
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filter. The special purpose processor for the'baseline configuration operates at 
25 Mbps and processes up to 7 channels in parallel. 

The input data processor consists of a sync/demux and mode control module, 
a data stripping and timing module and a recorder control module. The sync/demux 
module is a modification of existing hardware. The data stripping and timing 
module consists of the programmable line and elements counters, a solid state data 
buffer, a computer interface and a system clock. This module selects predefined 
ground control areas and sensor calibration data from the data stream, buffers the 
data and transfers the data to the PDP 11/45 general purpose computer for storage 
on the Image Data Disk, The recorder control module consists of two monitors which ■ 
track the special purpose hardware input and output buffer registers, a difference 
circuit and two driver amplifiers. This module adjusts the tape speed of the input 
and output controllers to compensate for the different input and output data rates 
caused by the a iong-the-scan- ! i ne pixel distortion. 

The standard equipment consists of a 120 Mbps Wideband Video Tape Recorder, 
a 40 Mbps High Density Digital Tape Recorder and a black and white 1000 line image 
display monitor which can operate in a frame or moving window mode, in addition, 
a CCT output capability will be provided so that direct output on CCT, or HDDT-to- 
CCT conversion may be performed. 

Extractive Processing of ATS Data 

Figure a- 19 shows schematically, a candidate configuration of the required 
hardware for the extractive processing and analysis facility. 

Corrected ATS data will be analyzed using mul tispectral techniques (signature 
analysis, classification, mensuration) for the three applications development 
missions and for the soil moisture mission. A typical system to perform this 
function is the General Electric's IMAGE 100. 
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The basic function of the IMAGE .100 t nteracti-ve Mu It i spectra 1 Image Analysis 
System is to extract thematic Information from mu I ti spectra I imagery. It is 
accomplished via statistical measurement of the rad.Iometric properties of the 
mu I ti spectra 1 imagery in conjunction with the operator's visual and statistical 
interpretation of data presented to him. The IMAGE lOO's information extraction 
capability is only as good as the operator's comprehension of the total information 
extraction process; a photo-interpreter/statistician user would ,be an ideal operator 
(assuming, of course, a complete grasp of the IMAGE 100 concept). 

The definitions of some key image processing terms/cbncepts follows: 

** Training - The process of informing the system v;hich object to 

analyze, and the system' process of Identifying the spectral properties 
of that object is called "training" ("Signature Extraction" is used 
i-nterchangeab 1 y ) . 

2. Classification - When the spectral properties of the object are found, 
the IMAGE 100 System scans the total image (pixel-by-pixe! ) and de- 

s 

termines if the spectra! properties of each pixel correlate with those 
of the object of interest.’ This testing process is called 
■ "classification". 

3. Pixel - Picture element. 

4. Theme - Class type, binary map, bi-ievel map, alarm, classification 
result, "Theme" is usually differentiated from "alarm" in the sense 
that themes are stored while the alarm, is generated in real time by 
the set of spectral limits defining the original class. 

5. Gray Level - A digital processing system quantizes or digitizes a 
continuous distribution of data values Into discrete levels. V/hen 
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referri.ng to radiometric values of an image the digitized levels are _ 
called gray levels. This derives from the way a black and v/hite 
photograph of a single spectral image represents different radiometric 
values as shades of gray, 

6. Signature - A mu Iti spectra 1 signature defines the characteristics of 
a given object or material as a function of its reflectance of electro- 
magnetic radiation at a number of discrete wavelengths (visible and/or 
non-visi ble) . "Cluster" is often used synonomously (see -Figure 5.1-20) 
A multi-feature signature may Include spatial or other parameters in 
addit.ion to the spectral signature, 

Response 
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Figure A-20. Typical Material Signatures 
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7. Training Site - A spallal area, usually consisting of .a homogeneous 
object or material type, v/hich is used as the data base for de- 
termining the object's spectral signature. 

Histogram - A frequency distribution, in the IMAGE 100, gray levePs 
are plotted against pixel counts (enclosed within the training area 
only) . 

9. Para I lelepiped - The set of gray levels describing a region in 
spectral space. In two dimensions, 2 pairs of upper and lower gray 
level limits describe a rectangle; in three dimensions, 3 pairs 
describe a parallelepiped; in four dimensions, 4 pairs describe a 
hyperpara I lei epiped. Often used synonomously are the terms "cell" 
and "hypervolume". 

10. Maximum Likelihood Rule - A statistical decision criteria to assist 
in the resolution of overlapping signatures; histogram comparisons 
are the-oasis of the criteria. 

11. Preprocessor - As applied to the IMAGE 100, this refers to data pro- 
cessing' of the raw multispectral imagery prior to signature extraction 
and classification. 

12. General Purpose Transformation - This is a preprocessing function 

v/hich performs rotation of axis in spectral space-. The transformation 
has three modes of operation: 1) all axes are rotated 45 degrees, 

2) all axes are rotated to align with machine calculated eigen 
vectors, and 3). axes are rotated to user specified angles. 

Ground Truth - Data which have been acquired via field tests, high 
resolution remote sensors, etc., and used as control information by 
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the user during the i nformati on extraction process. 

14. Channel - Dimension, feature, wavelength, band, video axis, when used 
as descriptors. Specifically, channel refers to a one dimensional set 

• of gray levels which usually represent a single spectral image. 

15. Cluster Display - The display of histogram data is in 2-dimensiona 1 
format; i.e., two bands are cross-p 1 otted in terms of log base 2 of 
the pixel counts contained within the cells. Scattergram is used 
synonymously. 

16. Cel I - A cell is described, by N pairs of upper and lower density 
thresholds. For example, when N = 1, a cel 1 is defined between two 
gray levels; when N = 2, a cell can be described as a rectangle in 
signature space; when N = 3, a cell is a parallelepiped. A resolution 
ceil is the smallest definable cell based on user-selected density 
quantization intervals (i.e., the "effective quantization"), A one 
dimensional resolution cell Is identical to one gray level. 

The thematic extraction process is achieved via the following techniques in 
approximately the sequence as presented below: 

1. The multi spectral image to be classified i.nto themes is loaded onto 
the refresh device. 

2. Preprocessing functions and display controls, are selected and adjusted 
for visual enhancement of area(s) of interest, image enlargement or 
magnification can also aid this visual discrimination process. 

3. A training site Is identified by use of the cursor. If a geo- 
graphically contiguous training site has been selected, the cursor 
Is adjusted in both size and shape to fit. within the site boundary. 
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If it is non-contiguous, any number of cursored areas may be combined 
by using the theme synthesizer function. Note that a single pixel mav 
be identified as the training site by selecting the cross-hair cursor 
mode and by formatting the image^ in 2x format or greater. 

4. The training site signature is now extracted via the " 1 -dimens iona 1" 
training procedure. The histogram is acquired for each dimension 
individually; upper and lower limits are selected for each based on 
user specified rejection levels (i.e., percent of area under the 
histogram curve). This set of limits defines the multl-dimensiona I 
parallelepiped which is the first cut approximation to the training 
site signature. 

5. The classification of the entire image is immediately performed 
following completion of the one-dimensional signature acquisition. 

The alarm is displayed on the CRT; errors of commissi on and/or' 
omission are evaluated. 

6. Step 5 may be adequate for certain class types. If not, the user may 
enter, at his option, any combination of several different modes of 
operation: 

- One-dimensional histogram modifications 
Interactive signature acquisition 

- Multidimensional signature acqul sition. 

Or, he may choose to pic.k a different training site and repeat the 
entire procedure. The new training site can be combined with the 
original site or used alone. Previous thematic results can also be 
used as training sites. 
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7. Once the N-d imensiona I histogram has been developed, the user has 
many options available to him to further exploit the data. They 
Include: 

- Histogram displays 

“ Histogram thresholding 

- Cluster synthesis 

" Factor analysis 

8. Signature Extension - Signature extension refers to the ability to 
extend classification over large geographical areas based on relativ 
small training sites. Special purpose "rationing” hardware in IMAGE 
100 aids this signature extension function at display rates. 

The three IMAGE 100 ratioing techniques selectable by the user are: 

I 

s.. 

—V (ratio) (I) 

S. 

J 

1/f t 

S. S. 

— ^ (difference over sum) (2) 

S. . + S. 

' ; J 
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\ 



n. 


(Norma! ization) 



I = I 


Where i and j ~ 2 adjacent channels (i.e., 1 = j, J = i + 1) 
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Multiplicative systematic errors are not present in any of the related signals. 
The second technique. Equation 2, also tends to reduce the additive errors and has 
a computational advantage of being bounded (i.e., between +1 and -I). 

The third technique. Equation 3, is ref'erred to as normalization and is applied 
when the systematic errors are approximately Independent of v/avelength; normaliza- 
tion is also numerically bounded. 

Interpretation of Photographic Imagery 

Photointerpretation is essentially a manual process, relying on the skill and 
experience of a trained photointerpreter, with some machine assistance, to extract 
the desired information. ’ 

The data processing requirements of the three applications developments of 
the three applications development missions require photo i nterpretat ion to perform 
the following functions: 

o Evaluate stereo pairs to determi ne. and map geographically lineaments 
and other features. 

o Perforin aerial and linear measurements on forest cores to determine 
cores extent and tree size. 

o Evaluate photographic images for cultural and other indicators of 
urban land use. 

These functions will be performed manually using such equipment as viewing 
tables, a stereoplotter and coordinate digitizer and flatbed piottes as aids in 
interpretation and presentation of results. In addition, the extractive analysis 
system (IMAGE 100) will have the capability of accepting inputs from film digi- 
tizers and the coordinate digitizers to permit registration and comparison of 
photographic and ATS imagery. 
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APPENDIX B 

INFRAIOiD SPECTROMETER 

The. Infrar^h-'Groctrci'icter (IRS) is designed to obtain spatially independent 
IR radiances (chat are unbiased with respect to cloud condition) at sufficient 
spectral and spatial resolutions so that the data raay be used for determining 
the thernnl structure of the earth's ‘atmosphere. This instrument is a 
modification of the sensor currently in operation on Nimbus F. 

Basically, IRS is a filte.r wheel device which scans normal to the orbit plane 
with a scan angle of P36.9° about the nadir for earth view. The optica) 
telescope Cocuscs the received radiant energy onto two cooled detectors 
(radiant cooled to 120°K) and a photodiode which is used as a visible energy 
channel, ^ Prior to reaching the detectors, the energy is, spectrally sepai-Mted 
into long wave (LN) , short wave (SW) , and a visible component, chopped and 
bandpass filtered. The three detectors and 17 spectral bandpass filters are 
used to define the following channels (values are given in microns) : 

. i 

a) Lon.g V?ave Channels (10) \ 

- Seven (7) CO 2 : IA.96, 14,71', 14.49, 14‘.23, 13.97, 

13.64, 13.. 35 

i 

- One (1) window: 11.11 

- One (1) ozone; 8,16 

“ One (1) H 2 O vapor: 6.71 

b) Short Wave Channels (6) 

- Five (5) CO 2 ; 4,57, 4.53, 4.46, 

- One (1) window;; 3.70 

c) Visible Channel (1) 

- One (1) visible: 0.69 

It is noted that the above channel definitions are nominal only and the 
actual channel definition will be determined by the specific selection of 


^.41, 4.24 


% 

V 
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the filters used with that instrument. Provisions are also made in IRS to . 
permit on-board calibrations. This is accomplished by periodically pointing 
the IRS acquisition scan mirror at two internal targets (Uenperature-contrc^led 
black bodies) and a vievj of cold spac^. 

I 

An outline drawing of the IRS instrument is sho\m in Figure B-1 • The 

[ 

optics are designed to view the earth with a 1.5® instantaneous field of 
view (IFOV) . Since the scan mirror stepfcr motor step is 1,8^ betvrecn scan 
'elements, the satellite, for earth scan at a 600 nm circular orbit, will 
yield a 42 scan element pattern per eort'- scan line as shown in Figure b- 2 
The internal logic is arranged such that after 20 earth scan lines, the scan 
mirror is directed to view two internal clack bodies and space for three 
equivalent calibration scan lines (With ti’.c instrument commanded to cali- 
bration inhibit, the input view will be a series of repeated earth scan lines), 

A high level block diagram of the IRS instruirent is shown in Figure g -3 

. Input energy from, the earth view is directed onto the stepped scan mirror and 
1 

thence through a -telescope to the three detectors. During transit to the 

detectors the energy is spectrally separated and chopped. The outputs are 

. ! 

then chopped, synchronous demodulated, and integrated as dictated by the data 
scan programmer. The data is then serially A/D converted and stored in the 
data accumulator, for subsequent readout. 

The output Bi phase (BI 0) data stream contains among other information, mode 
status, time code, scan element number and parity code. 

SEOFS I'od if ications 

Seventeen spectral channels vjere considered a full complement ' for dofinitimt 
of atmospheric conditions from ground level to 2 mb. The seventeen filters 

QUAm^ 
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infrared spectroeter 
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on the IRS can be changed in a laboratory without a complete realignment of 


the instrument, offering possibilities of filter changes between flights to 


support other user needs. A change in .the system could permit a total of as 
many ‘as forty filters on a filter wheel witli conbinations of visible and 

i ' 

4 

shortwave bands (.4 to l.lp and. 3 to 5ja) totalling 20, and as many, as 20 
longvjave (6 to 15^), depending on the trade-off of spectral bandwidth and 
radiant sensitivity. For this requirement the data processing system would 
need to be revised, but the changes could be maintained within. the general 
framework of the IRS. 


The present IRS cooler subassembly is a modular unit separable from the main 
frame. This subassembly contains the two cooled detectors and their passive 
cooling structure. The only optic elements are heat blocking windov7S (Irtran 
and Sapphire) on the first stage cooler (cone). For the SEOPS configuration 
this housing w’ould become a vacuum enclosure with a new detector mount for 
interfacing to the cryogenic cooling system. A typical closed cycle system is 
designed for similar applications and will be installed in the IRS cooler 
module. The choice of cooling method, whether open cycle cryogenerator , 
closed cycle, solid cryogen or dewar flask has not been made yet, and will - 
depend most on the rcaliability of performance, ease of recharging, and cost. 

The Nimbus F power source is -24.5 volts nominal and supplies three inputs to 
the IRS (F/C power, scan power, and electronics power). Since all of the IRS 
input circuits are isolated from chassis, the svjitch to a positive input would 
not be a problem. 

An improved method of radiant energy chopping has been devised that eliminates 
the need for a separate longw'ave chopper blade. This modification v;ould 
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eliminate a gear set that drives the longwave chopper and which has caused 
degradation of systenv performance by its gear mesh noise (jitter); It will be 
most noticeable as an improvement in shortwave signal quality. 

lnstn;;-^ent Perfornance 

A listing of the present radiant sensitivity , is given in Table B-1 

/ 

with tlie m^ticipated sensitivity for the SHOPS model, where liquid nitrogen 
cooling may he presumed. The improvement in the long^jave bands -is dramatic, 
bringing the noise levels down to digitizing uncertainties (j_.5 count). This 
should provide highly acceptable sounding information. It also indicates 
• that narrow'cr spectral bands could be accomsiodated or the number of bands 
increased. - 

A study of the IRS in Shuttle orbit indicates that the system should work very 

well. At a nominal altitude of 200 n. miles the 1.2® field of view interrogates 

a 7.65 km diameter area on the earth at nadir The 1.8® steps are ceiitered 

\ 

at 11.7 km at nadir, V7ith the swath covering 600 n. miles (1120 km) of the 
surface. The scan lines are no, longer contiguous with FOV center distance of 
28 km at nadir along the track. Even with this limitation the system would 
provide excellent high resolution sounding data to correlate V7ith l^imbus or 
TIROS sounders on polar orbits. Therefore, the scan pattern can remain 
unchanged, 

interface Requirements 

1, Mechanical - The IRS configuration is shown in Figure b- 4. In par- 
ticular, the relative location of the scanning mirror assembly, cooling 
panel, clear field -p£-view requirements, sun shield, and mounting 
locations arc shown, A radiative cooler for maintaining the detectors at 
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TABJ^E B-l 


JIRS RADIANT SENSITIVITY 
NEAN '{itiv/ ^ st“ ^ cm) 
Instantaneous Fi c Id of View, 1.2^ 


Cliannsl 

Spectral 
Band (cm~^) 

Width (cra'*^) 

SEOPS 

Nimbus 

Orbit 

1 

663.1 

’'' 2,3 

. 60 

3.2 

2 

678,7 

13.6 

.25 

. 54 

3 

690.1 

12.6 

.16 

.40 

4 

702.2 

16.0, 

.14 

. 2 6 

5 

715-6 

17.5 

.16 

.40 

6 

731.9 

18.3 

. 14 

: .23 

7- 

749.1 

18.4 

. 14 

.30 

8 

900.0 

32.0 

.06 

- ?-'i 

9 

1223.8 

63.4 

.08 

'. 14 

10 

1485.1 

80.7 

.05 

■ .11 

11 

2190.1 

22.4 

. 0020 

.'Old 

12 

2211.9 

22,5 

> . 0 0 1 

. 0029 

13 

2242.5 

22.9 

.0020 

. 0049 

14 

2274.7 

35.1 

.0015 

.0018 

15 

2357.2 

•22.1 

.0015 

.0026 

16 

2692.4 

296.9 , 

. 0010 

• .0010 

17 

14443.0 

892.2 

. 033* 


Patch Temp 



8 OK 

11 8K 


* % ALBEDO 












an operating temperature of 120*^K is shown; however, this would be 
replaced for SEOPS with cither a closed cycle or solid crypgcn' cooler . 

The key optical and mechanical parameters are shovm. in Table B-2 

Figure 3.2-22 shows the view factor 'dravjing in the lower left corner. A 104.]° 
total view angle is required to permit viewing of space for a reference point. 

The space look is 65.7° from nadir. At an altitude of 200 nih the horizon is 
70.9° from nadir, in which case the scan mirror would see the earth. Calibration 
would then be litaiteU to the use of the two internal targets at 290°K and 255°R. 
The system could be modified to see space by removing the 255°K target.- 

A related problem is that of positioning the system on the Shuttle at a 
location that permits viewing space. If a space look is not convenient . 
or possible, the internal targets are sufficient for system calibration. 
Reflective shields may’ need to be added to the system to prevent earth 
and space vehicle heat input to the 255 K target. 

2. Electrical - Figure B-5 shows the electrical block diagram for the IRS 
instrument. As can be seen from this diagram, the outputs of .the three 
detectors are fed through signal processing networks to the analog 
multiplexer. The output of the analog multiplexer is then converted to a 
digital signal in the analog- to-digital converter and then stored in the • 
data accumulator. 

The power input to the system is through three (3) power input filters 
designated Electronics, Filter/Chopper , and Scan Motor input filters. 

Also shown on the block diagram is the various telemetry outputs and 
command inputs. The key IRS electrical parameters are given in Table B--3 
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TABLE b-2 

. . I 

,„IRS opticalAechanical parameters 


■ optical 

- 


0 

Spatial Resolution: 26 r.ii Hi radians 


p 

KavCh Scan An^le; -1-36.9° Ref. Kadir 


© 

Main Optics: 5,9" C.A., f/].7 

> 

■ .0 

Dctoclor.s: LW IlgCdTc (photoconductive) 


■ 

SL’ InSb (pl'iotovoltai c) 



Visible Si?T) 


0 

Chopping Frcq\ier.cy; LW 900 L 30 li:: ; Su/Via, 

390 + 10 Hz 

0 

LU/SW Opera Ling Temp: 1?0*^K 


I-IECKAj-JICAL 


e 

Size: 52 x 2b x A5 ctn 


0 

Weight: 33 Kg 

- 

o' 

Uncor.p. Angular Moir-entuis: O.Ol ft. lb. sec. 


Q 

Teiap, Range: +5 ’C Cu -r-'i5°C 


0 

Scan Mirror Step: l.B 



• i TABLE B-3 


IRS F.iECTRiCAL PARAMETERS 


& 

Power: 23 watts avg. at 28 \TlC^iot including 

instantaneou.s 


peak -while stepper iRotor steps) 


0 

Overvoltage; Survive continuously - 20 to 34 

.5 voits DC 

0 

Clock Signals Requited: 400 lOiz 


0 

Data Rate: 3339.83 Bi 0 Bits/scc. 


0 

Number of Comnaucis: 20 


0 

Digital B Tim: 10 

N 

0 

Analog Tim: 23 

> 


original PAGP^rs 

® POOR 
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telemetry functions as indicated in Tables B-4 and B-5. 

The IRS experiment can be operated in any one of four (4) distinct modes 
as follows: 

(a) liinimum Satellite 

The purpose of this mode is to maintain the experiment in a 
"standby” status while consuming a minimum amount of electrical 
power. The command status is as follovjs: 

Filtcr/Chepper Motor OFF 
Scan Motor OFF 
Electronics Power OFF 
Cooler Cone Heater OFF 
Patch Heater OM 
Filter Wheel Heater ON 

Cooler cover can be either "stored" or "deployed." 

(b) Launch 

The purpose of this mode is to keep the scan motor and the 
filter/chopper motor running during the launch to reduce the 
likelihood of brinelliug the mechanism bearings. The command status 
is as 'follows: 

Filter /Chopper Motor ON 
Scan Motor OS 
Electronics Power OFF 
Cooler Cone Heater OFF 
Cooler Cover "Stored" 

Patch Heater OFF 
Fi-lter Wheel Heater OFF 
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FlUXT IOjig. 

Filter /Chopper Motor OM 
Filtcr/Chopper Motor OFF 
■Scan Motor OM 
Scan Motor OFF 
■ Flectro’oics Oi? 

Electronics OFF 
Filter/Chopper Mode lUgh 
Filter/Chopper Mode Normal 
Cooler Cone Heater OK 
Cooler Cone Heater OFF 
Cooler Cover Enable;^ Store 
cooler Cover Enable ,\ Be ploy 
Cooler Cover Store 
Cooler Cover' Deploy 
Patch Heater ON 
Patch Heater OFF 
Filter ^Jhecl Heater ON 
Filter h’heel Heater OFT 
.Scan Mode OFF 
Scan Mode ON 
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If?S TEJ.b'MCTRY 


TLM F’JNGTIOH 

SIQIAl, TYPE 

SAin’ SEC, 


riLTuii/cnori'Eii motor On/ori' 

SCAM KOTOR OM/OFl' 

):m;ctromics om/off 

l'ILTEil/CF,0?rnR MODE MORM/UIGR 
CG0Li-:U COKE HEATER ON/OFF 
MODE Ol-T/OM 

COOLER 'cover ENABLE STOR/DEPLOT 
COOLER COVER STOH/ DEPLOY 
PATCH REAIER ON /OFF 
FILTER \aiLEL HEATER ON‘^FF 
PATCH POWER 

+15VDC ELECTRONICS POWER 
-3 5VDC ELECIEONICS PO'.-JER 
+JOVDC LOGIC POWER (HNREG) 

-1-5 VDG LOGIC POWER 
-15VDC TELEILETKV POVnjR 
DETECTOR BIAS (LWL) 

r/c MOTOR currf.rt: 

SOAR MOTOR C'JRRF.NT 

COOLER COTTER POSITION 

SCAN MIRROR TEMPERATE RE 

PRLMARV Tr.LESCOPE MIRROR lEM? 

SECOND/vRY TELESCOPE MIRROR TEMP 

F/C HOUSING TEMP #1 

F/C HOUSING TEMP, in 

F/C HOUSING TEMP, in 

F/C HOUSING TEMP. ;T4 

F/C MOTOR TEMP. 

RADIAMT Cl'ME TEMP, 

R.uLl.-T:r' COOIHIK HOUSING TEMP. 
IV-iCi; 'temperature 
13 A si: V LATE TEMP ERrVTUUE 
ELECTRONICS TEMPERATUHL 


DIG B 

DIG B 

DIG B 

DIG B 

DIG B 

DIG B 

DIG B 

DIG B 

DIG B 

DIG B 

ALOG 

ALOG 

ALOG 

ALOG 

ALOG 

ALOG 

ALOG 

ALOG 

ALOG 

ALOG 

ALOG 

ALOG 

ALOG 

ALOG 

ALOG 

ALOG 

ALOG 

ALOG 

ALOG 

ALOG 

ALOG 

ALOG 

ALOG 
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(c) Pre -Condi tlonlnp. 

The purpose of this mode is to permit the experiment to reach * 
the desired operational temperatures for the various elements 
prior to the actual data gathering sequence. The cornmand status 
is as follo^rs: 

Filter /Chopper Kotor ON 
Scan Motor 

Electronics Power ON 
Cooler Cone Heater ON 
Patch Heater ON 
Cooler Cover ''Stored” 

Falter Wheel Heater ON 


(d) Operate 

i 

This mode is used to gather scjisor data from the fully operational 
eKperiment . This mode is the same as the pre-conditioning mode 
described above with the following exceptions: 

Cooler Cone Heater OFF 
'Cooler Cover "Deployed” 
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AFPE^IDIX C 


COERELATION INTERFEROMETRIT FOR THE ]MEASUREMENT 

OF ATMOSPHERIC .TRACE SPECIES (CIMATS) 

PURPOSE OF THE EXPERIMENT 

The CIMATS experiment is designed to promde tor the obtaining, from an 
orbiting spacecraft, of measurements which will furnish data on. gaseous trace 
atmospheric constituent densities, Tlae experiment is designed for' the remote 
measurement of the abundance of a number of these species,. Each of these gases 
has different problems and hence different measurement requirements. It is not 
suggested that any, one experiment can provide all data needed for the solution of all , 
problems of polluiants and other minor species of the atmosphere or even tliat for 
one species. However, CIMATS is capable of malving a variety of measurements 
helpful for these solutims. The approach suggested herein is to utilize an orbiting 
platform for mapping global concentrations and determining the vertical profiles 
\na limb transmission. 

The measurements of a wide variety of trace species in the atmosphere 
including those classified as polhitants are important for many current and future 
studies. Various anthropogenic processes, such as the incomplete' combustion of 
fossil fuels used for tiie production of heat and light so prevalent in our present 
state .of industrialization, generate numerous species which tend to build up in tlie 
atmosphere, changing its composition and thus affecting numerous processes im- 
portant to manlcind. It should be noted, of course, that species classified as pollutants 
occur naturally and are thus constituents of the natural atmosphere, but .are referred 
to as pollutants when their concentrations are sigxhficantly, often drastically, in- 
creased by introdviction of large amounts from anthropogenic sources. The importance 
of pollutants and their measurement has been discussed in detail in many places 
(Refs. 1, 2, 3, 4). The most important pollutants are NO, NO , N O, NH , SO , CO, 
COg, and CH^. 

CURRENT STATE OF KNOWEEDGE 
Requirements for Pollutarit Measurement 

A number of attempts have been made to lisi requirements for poUutaiit 
measurements. In general, these have been concemdl with very localized groimd 
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level concentrations - tliat is, those -wliich are of most immediate importance to 
society. Although, the correlation interferometer can contribute to such .measurements, 
the proposed experiment relates to remote satellite-based measurements. For such 
conditions, requirements for both tropospheric and stratospheric measurements have 
been given by the RMOP report (Ref. 5) and some of these are noted in Table c-1. 

The concentrations of the various pollutants vary drastically from the unpolluted levels 
(some of which are only roughly loiown) to levels of the order of a lumdred times that 
of the background. Thus a wide range, as noted in the last column of the table, must 
be covered in any measurement. 

hi addition to the RMOP requirements, Table c-1. also list the capabilities 
of the correlation interferometer to malce many of the desired measurements. It 
should be noted that the instrument could be adapted to measure various other pollutants 
and trace species - e, g, , ozone, specific hydrocarbons, formaldehyde, nitric acid, 
etc. - but it is felt that the most important use of the correlation interferometer in the 
near future is for the measurement of those species for which its capabilities are 
noted in Table c-1. 

In order to obtain data on both tropospheric and stratospheric densities by 
remote sensing techniques, two types of measurements are needed. One measurement 
is that looking downward to obtain the contribution of the gas through the troposphere 
to tile ground by developing a map of the density of a column of the gas above the map 
locations. The other measurement is that w'hich looks outward through the atmosphere 
toward the sun to obtain information on the vertical profile of the gas concentration 
in the stratosphere. 

Capabilities of Instruments 

Numerous teclmiques have been suggested for the remote measurement of ‘ 
pollutants. All the teclmiques involve the measurement of radiation to determine 
either its absorption or emission due to individual species. Most techniques operate 
in the infrared region of the spectrum since there most of the species of interest have 
distinctive spectra features, and further, the scattering in the atmosphere is not a 
major factor above 2 ^, Further, since in the measurement of pollutants, effects 
of the gases near the ground are most important, the techniques are best when 



•TABi£ C-1 RJEQUIREMENTS FOR POLLUTANT MEASUREMENTS AND CIMATS CAPABILITIES 


RMOP 


Measurement 

CIMATS 

Accuracy 

• Capabilities 

Requirements 

(Troposphere) 

For Gases In 

Sensi- Wave- 

Constituent Troposphere'*' 

ti-vity length 

(PPb) 

(ppb) (U) 



500 

100 , 

2. 35 

CH^O 

2 

-2 

3» 5 

CO 

10 

10 

2. 35 


500 

3000 

2.0 





NH 3 

10 • 

1 • 

2.0 

NO . 

X 

10 - 100 



NO 

« 

■ 1 ^ ■ 

5.2 

NO, 


2 ^ 

3.45 

NjO 


2 

2.9 


0,5 

0,5"^ 

7.3 


. i. 

Reference o„ 

5(1) = E.5 X 10^ • 

With Accurate Temperature Profile 


RMO? 

Measurement 
Accuracy 
Requirements 
For Gases In 
Stratosphere'’^ 

CIMATS 

Capabilities 

(Stratosphere) 

S ens i - Yfa ve “ 

tivjty length 

Suggested Range 

(PPb) 

. (ppb) 

(U) 

(atm. 

-cm, ) 

200 

<100 

2.35 

2,5(1}'^ 

- 2 , 2 ( 1 ) 

■10 

JO 

2.35 

1,7(2) - 

8.7(0) . 


3 

2.0 

5.6(1) - 

3,6(3) 

20 % 

, 10% 

, 2.7 

5.2(1) ~ 

3.4(4) 


1 

2,0 

1 , l(-4) 

- 7.2 (-2) 

10 

1 


8 , S(-5) 

- 3,2(-2) 

10 

2 

3.45 

8 . 8(~5) 

- 7.Z(-1) 

50 

2 

2.9 

3. 5(-Z) 

- 3. 6(0) 

0.5 

0, 0 

, 7.3 

5.3(-5) 

~ 7.2(-3) 
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observing radiation below about 3.5 ;a due to atmospheric emission, and other effects 
at greater wavelengths . Thus the opthnum region fox' "worldjig is between 2 and 3 . 5 
although for some gases it is necessary to work at higher wavelengths. 

There are several requirements for remote trace gas measurement techniques. 
Tiiese include specificity for gases of interest, sensitivity and range of measurement 
speed of measurement, simplicity of operation, ability to make measurements of 
several gases, and instrument size, weight, and power, A number of optical techniques 
were compared in a previous study (Ref. 6), While this was specifically intended for 
the application to CO measurements the conclusions are qualitatively applicable to the 
measurement of many other gases. The following signal to noise ratios were calculated 


for instruments operating at 2.3 m* 

Hadamard Spectrometer 1. 7 

Derivative Spectrometer 0.2 

Correlation Spectrometer 1.7 

Gas-Fiiter 20. 

Fluorescent Chopper 2,8 

Mterterometer-Spectrometer 2,4 

Correlation Interferometer 37- 


Hie signal to noise ratios indicate the capability of the technique to use weak 
lines in measurements. This capability is desirable so that the gas burden has a 
nearly linear effect on. the signal and that a mde range of densities can be covered. 
These results indicate that a number of techniques lack this capability. In addition 
to this difficulty most techniques have other problems. For example, a high- resolution 
interferometer-spectrometer has a long scan time resulting in poor temporal and 

I 

spatial resolution, ha. addition it must be quite large and have a very high data rate. 

The gas-filter instrument is dependent on the absence of overlapping lines and cannot 
make a meaningful and accurate limb measurement because of Doppler shift. Tlae 
fluorescent chopper also has this latter problem. 

Considering all aspects and requirements of the measurements, the correlation 
interferometer offers the best practical method for obtaining data (to ground level) 
on a number of pollutants. 
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THE CORRELATION INTERFEROMETER TECITSTIQUE 


Interferometry 

The use of spectral techniques for the remote measurement of concentrations 
of trace atmospheric species is dependent on separating the effects of the species 
being measured from those of all other species present in the optical path, hi techniques 
where a part of a spectrum is measured, the separation must be obtained by spectral 
resolution. Thus, some separable part of the spectrum must show an appreciable 
effect of the species being measured and any significant effects of other species must 
be such that they can be eliminated. .If a .different technique .is used, effects must 
obviously still be separable but the separation criteria is no longer spectral resolution 
but a lype of resolution peculiar to that technique. Such a technique is interferometry. 

In this teciinique the separation is accomplished by a resolution of path differences. 

Wliile there is a relation sMp between spectral resolution and the resolution of path 
differences, it is not always a simple relationship such as the reciprocal of the path 
difference scanned. 

. 'The instrument developed for this program is a correlation interferometer. 

The following discussion toE describe the basic theory of its operation in some detail, 

A more detailed descripticn of the theory of the teclmique and the feasibilily of its use 
■for the measurements of methane and carbon monoxide has been discussed elsewhere 
(Ref. 7). 

An interferometer is shown in Figure C-1. The essential elements are a 
beam splitter and two mirrors, plus a detector to measure the radiation output. light 
from the source is incident on tlie beam splitter, B, At the beam splitter it is 
divided into two paths; one portion of tire light goes to one mirror, the other 
portion of the light goes to the other mirros, M^. The two portions recombine at 
the beam splitter and the intensity of tlie recombined light is registered by the 
detector, D. The intensity of the radiation received by the detector wall depend on 
the difference betaveen the lengths of the paths traveled by the beams in the two arms'. 
The length of the path can be made different from that of the path 

F-E-M -B-D. If the two optical paths are exactly the same, the path differeiice 





(delay*) is zero* and there is a peak iu intensity. For monochromatic radiation • 
entering the instrument, if the path difference is mcreased hy one-half the wavelength, 
tlie intensity^ reaching the detector goes down .essentially to zero. If .the path difference 
is increased again to one wavelength, another peak occurs. This sinusoidal oscillation 
about a mean level repeats at intervals of one wavelength as the path difference is. 
scanned. For polychromatic radiation, the effect is the sum of many such sinusoids, 
one for each wavelength. The instrument actually does a Fourier transformation of 
the spectrum of the radiation entering. In most interferometers, the path difference 
is changed by shifting one of the mirrors, S'process winch causes some unnecessary 
alignment problems. One of the feature's of the correlation ‘interferometer is that 
the problem of having to scan and maintain tlie ‘position -of the mirror aceuxatety is 
avoided by having fixed mirrors and tilting a plate of refractive material m one arm 
of the interferometer. Many interferometers have such a refractive plate, but generally 
it is left in a constant position. Kotating the plate varies its optical thickness and has 
the same effect as moving one of the mirrors back and forth without the alignment 
problans. 

Spectra, InterferogramS' and "Resolution" 

The relationship between the spectrum of the radiation and the interferogram 
of the radiation is given by the cosine Fourier transformation. The interferogram 
signal, I, as a function of path difference, X, which results from the spectral input, S, 

(a function of frequency, v ) is given by: ‘ 

. CO 

I(X) = 2 J n (S^ (V)) cos (2tt vX) dv. 

» 

If essentially all the information on any given species (the major effect of that 
species on the interferogram) occurs over a small part -of the interferogram, only 
that range of path difference need be scanned. The opea’ation of the correlation inter- 
ferometer involves the treatment of that part of the interferogram data to obtain 
species densities directly without the need to produce a spectrum by Fourier trans- 
foi'mation. With such an operation, the concept of spectral resolution loses meaning. 

*The tejrm "delay" refers to the difference in phase for radiation traversing the 
tyvo arms. Tliis is related to the paUi difference by the velocity of light and die 
frequency of the radiation. 


C-7 



Wlien the eHects of the gases of interest are confimeci to a narrow spectral 
region and the incoming radiation can be band- limited by filters, the sampling theorem 
gives another useful relation between spectrum and inlerferogram, namely that the 
interferogram need only be measured at points whose spacing is the reciprocal of the 
spectral band width. That is, the useful information is containedin the modulation 
envelope of the interfei:ogram and that the rapidly fluctuating carriex'-wave form is 
redundant. In the correlation interferometer, tl\e carrier is removed heteroch'ning 
the signal, using a local oscillator. Eliminating the carrier and worldng witli the 
envelope greatly reduces the sampling accuracy required. By heterodyning the inter- 
ferogram with a cosine or a sinusoidal variation, tfie .interferogram is .reduced to its 
essential variations. 

Tlie Measurement in the Presence of Merferents - Correlation 

Tlie optimum measurement that can he made is given by combing all intensities 
of the various points of the part of the heterodyned interferogram of interest in a 
manner related directly to the intensity of the signal shape. That is, a weighting function 
or correlation fimction is generated and the measurement is -the integral of tliis correla- 
tioxi function times the signal over .the delay range which is -scanned. This integral is 
directly proportional .to the optical thiclmess of the gas herng measured. Wnen there 
are no interferents, the signal- to-noise ratio in such a measurement can be shoivn 
to be optimum when the correlation fimction looks exactly in shape lil^e the interfero- 
gram of the desired gas. Now consider that other gas species may affect the signal 
received. Tlie correlation fimction is again used but is no longer matched exactly 
to the desired gas signal shape. It is adjusted so that, when it is cross- correlated 
with the interferents and tlie result is integrated over the range scaimed, all the 
positive correlation regions are balanced exactly by the negative correlation regions 
of the interferent effects, so that the total area under the curve; i. e. , the contribution 
of the effect of interferents to the result of the measurement, comes out to zero. 

This is done subject to the constraint tiiat there is still as large a positive correlation 
between the correlation function and the desired gas as possible. The result of the 
measurement is still proportional to the desired gas burden. In principle, if tliere 
are a number of interferents of tins sort, rejection of these interferents can still be 
achieved so long as we have at least as many mdependent points to describe our 
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correlation function as we have gases which are affecting the radiation. Any of the 
gases which affect the interferogram may be taken as the desired gas and an appropriate' 
correlation function generated. Then, the data can be used to give a separate measure- 
ment of each gas, and, if necessarj?, this may be done in parallel and in real time. 

Hie correlation function to be used for the measui’ement'of a specific gas is 
found by determining several interferograms for various combinations of amounts of 
the gases which are interferents , all with the same amounts (’’the nominal amo.unt") 
of the gas being measured, and one interferogram with a different amount of the 
("the target amoimt") gas being measured with one of the same interfereiit combinations, 
Tliese interferograms are the calibration data. 

In choosing the conditions for the calibration interferograms it is necessary 
to include all the gases which affect an interferogram which would be produced by the 
correlation interferometer over the delay, range and with the optical range of densities 
of these gases to be encountered in the measurements. It is better to make measure- 
ments by interpolating between calibration points than to extrapolate beyond a calibration 
point. It should be noted that it is not necessary to Imow the identity and the amounts 
of interferent gases but only to be sure that thej'' are present over the required range. 

Of course, in. caEbrating, the identity and amounts of the gas to be measured must be ■ 
known. 

In order to calibrate for atmospheric gases the atmosphere itself provides a 
suitable cabbration situation, Tlius it is possible to obtain conditions \vith a sufficient 
amoimt of water as well as any unlmoAvn interferents. 

Advantages of Correlation Interferometry 

One of the most significant advantages of the correlation interferometer is its 
ability to measure species densities with high sensitivity and specificity using very 
weak absorption bands, such as the overtone and combination bands in the reflected- 
solar region. (The very difficult CO measurements, in the presence of substantial 
atmospheric interference, at 2.3 jli is an example.) For this reason, the correlation 
interferometer is the only technique loiowni to have the capability of monitoring the 
concentration, the distribution, and the effects of many srjecies in the atmosphere 
near the earth's surface even in the presence of atmospheric temperature inversion. 
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In addition, ilie correlation interferometer has a number of advantages over 
other dispersive and noii-dispersive techniques. These, of course, include the 
Jacquinot (throughput) advantage and the Fellgate (multiplex) advantage, common 
to all interferometric techniques. (See Ref. 9 for a discussion.) Other advantages 
include : 

Short lime scan : A measurement time of a second is very short compared 
with the time of scanning of an interferometer such as a Michelson inter- 
ferometer which may be of the order of minutes since the scan may cover 
up to 10 cm rather than about a millimeter as in the correlation inter- 
ferometer. 

Convenient output ; The output of the correlation interferometer may be 
either one number for each species for each measurement period or, at 
most, 64 pomts per iuterferogram which easily can be pi-ocessed real time, 
thus eliminating data storage and extensive data processing problems. 

Compact and flexible instrumentation: The correlation interferometer 

with associated electronis is small and, although complex in imder standing, 
is simple in operation,, \rfth a minimum of moving parts. Changes in 
species lo. be covered are readily implemented. 

Mapping and limb modes : The correlation interferometer is able to make 

measurements both down^^^ard looking (and hence determine effects through 
the temperature inversion and to the ground) and limb-looking (to obtain 
stratospheric vertical profile data). 

If a comparison of the correlation intex'ferometer is made with dispersive IR 
teclmiques, it should be noted that .the major problem is that of light throughput of 
the latter instruments; and, because for many lines there is serious overlapping - 
indeed for lines of many bands, which may be useful, practically all lines are 
seriously overlapped - the resolution required can be proMbitively high. 

If a comparison is made with other teclmiques which accept more light than 
the dispersive techniques, it can be said that eHects of interference are generally 
much better minimized in the correlation interferometer technique. Other techniques - 
even Uiose with so-called "infinite resolution", such as those employing a gas-filled 
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cell as a filter - are bothered by any overlapping lines transmitted to the instrument 
since the overlapping parts of any lines of an interferent gas act to the instrument 
as the gas itself. Although such overlapping affects the intetlerogram obtained by 
the correlation interferometer, the instrument is capable of overcoming such 
effects in most cases. 

THE SATELLITE AS A PLATEOKM 

Mapping Mode 

The correlation interferometer is designed to determine the absorption of 
the gas of interest, in a column between the source and the instrument. Tlie measure- 
ments, are to be made in two modes - mapping and limb. In the mapping' mode, the 
mstrument's field of view is in the .nadir direction from the platform' to the earth's 
surface measuring the radiation, reaching the instrument, and hence the absorption, 
as a function of time. The radiation measured is a combination of that from three 
sources - solar radiation reflected from the earth's surface, earth radiation, and 
radiation from atmospheric gases . The relative amounts of radiation from the three 
sources depends >on the wavelength and on ground and atmospheric temperatures. At 
wavelengths less than about 3.5ft, the reflected solar radiation predominates while 
above about 3. 5ju,- eax-th I'adiation doihinates over reflected solar radiation. When 
earth radiation dominates over ref lected solar radiation, atmospheric emissivity 
may he great enough to dominate over the earth radiation. This is true in the case 
where there is a temperature inversion layer. Such radiation is also important where 
the atmospheric temperatures are nearly as great as that of the ground. This results 
in a lessening of the effect of low- altitude gases on the absorption and a reduction of 
the sensitivity of any optical absorption measurements to low-altitude gases. Tims, 
it is better to work at ivavelengths below S . 5 Here a molecule near the ground has 
as much effect as one in the upper atmosphere. In the event higher wavelengths are 
used, as they must be for some gases, it is necessary to use an accurate atmospheric 
temperature pi'ofile and to assiune a' relative vertical distribution of the gas being 
measured. With such information, absorption data can then be analj^zed to produce 
density data. However, for use of radiation of ivavelengths less than about 3.2 to 3. 5p, 
the density figures can be immediately obtained from the instrument data. It should 
be noted that the correlation interferometry technique for this application works well 



with comparatively weak bands which lend to be overtones or combinations and to 
occur at comparatively lower wavelengths than do most optical techniques. Thus, 
this technique tends to avoid complications of other techniques and to be able to 
obtain imporfcnt data on pollutant concentrations and distributions near the earth's 
surface. 

.The most desirable spatial coverage and spatial resolution is determined 
by a balance between the instrument parameters and data requirements. The data 
needs depend on tlte extent of sources, the lifetime of the gases, the densities of the 
gases, and the relative amounts of the gases in dean and polluted regions. Smee 
the data required for the solution of different problems -require different spatial 
coverages, the experiment is designed to produce data with a variety of spatial 
resolutions dependent on the platform and its altitude and on. the fore-optics employed. 

The spatial resolution of the instrument is determined by the field of view. 

For the correlation interferometer, the maximum symmetrical field of view is 7° in 
diameter - this limit being determined by the difference iii phase of the light as a 
function of the off-axis angle. From an altitude of 600 nautical miles this would give 
a ground resolution of 73 miles. Tliis, of course, -can be varied by choice of fore- 
optics, 

A 2° field of view would give a spatial resolution of 21 nautical miles (39 Ian). 
The field of view can readily be made larger than this to suit the desired measurement 
requirements. A 2^ field of view would give global coverage in two months at the 
equator, while 6° would accomplish this in twenty days. Regions away from the equator 
would be covered more rapidly . 

The scan time of the correlation interferometer is about one second in the 
present operating model. The orbital motion of satellites correspond to groimd 
speeds of the order of f miles/sccond. Thus a 21 x 21 mile field of view (2^) is 
displaced in the direction of vehicle flight by 4 miles, so tlmt it takes about five seconds 
to completely change the field of view. 

A field of view 21 x 21 miles or larger square area is suitable for a satellite 
flight. Tlie spatial resolution and spatial coverage so obtained would be reasonable 
foi' the test of the instrument and for the obtention of significant pollutant density data. 
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If faster data acquisition is desired for more rapid global coverage, the field of 
view can easily be changed by degrading the resolution. This need not be a symmetrical 
chaiige. In. order to increase coverage wMle preserving the temporally- determined 
resolution in the direction of the vehicle motion, the field of view could be changed to 
a rectangle with the long dimension transverse to the ground track (e. g, , 2° x 6°) 
either by using anamorphic fore-optics or by altering the shape of the interferometer 
field stop, or both. 

Tlie correlation interferometer accounts for changes in albedo within the 
field of view during a scan by means of a fast AGC chaimel. Tiiis continuously monitors 
the average light level within the field and accordingly normalizes theunain channel 
output. Differences in albedo within the instrument field of view are compensated for 
by means of a field lens in the fore-optics. Tins lens disperses the contribution of each 
element in Hie field of view uniformly over the field stop of the instrument. 

Limb Mode 

Operation of the instrument in the limb mode involves looking from orbit 
through the earth’s limb at the sun. Tiie paUi passes through the earth's limb at 
tangential altitudes from ground level up through the earth's atmosphere. The lower 
limit is determined by aerosols and water vapor content. The upper limit is dependent 
on the total density of the absorbing gas in the path. By obtaining column densities 
with a variety of tangential altitudes and by inversion of tlie data, a vertical profile 
of density' v/ill be obtained. Tlie resolution attainable in the verticle profile is, for 
a platform altitude of 600 nautical miles (1100 1cm), of the order of 7 km. 

Orbit Considerations 

I 

Since it is desirable to cover the entire globe in the mapping mode, the primary 
objective, a polar orbit is desirable. This limits the limb measurements to the polar 
regions. The variation with latitude cl stratospheric pollutant concentrations is slight 
for some pollutants while more significant for others. This, in general, is probably 
not a seiTous variation. It is considered more important to obtain nearly global 
coverage in the mapping measmmments than to extend the limb measurements over 
a larger latitude range. 
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Satellite orbits such as that of the Nimbus satellites are Mghl 3 '^ inclined in 
order to permit maximum observation during daylight. The sun nominally .lies in 
the orbital plane at all times. This requires that the satellite orbit be within 10 degrees 
of the polar axis. Due to the nearly polar nature of the orbit and the limited variation 
in angle between the plane of the ecliptic and the earth's axis, the Hnib transmission 
experiment can be performed only at latitudes between the poles and the Arctic and 
Anlarctic circles, the axact location depending on time of year. 

Associated Data Bequirements 

In addition to the data acquired by the correlation interferometer, certain 
other data are required for reduction of CIMATS data. Such data should be available 
on a satellite. These include latitude and longitude, altitude, sun angle, time, and 
atmospheric tempex’ature. The latitude and longitude is that of the point on the ground 
directly mider (ixadir to) the spacecraft. Hie sun angle is needed for tlie limb 
measurements. From the location and die time, the angle of solar reflection on the 
ground can be determined and the path lengtli and geometry can be calculated. 

. In order to treat data for those measurements which are m the thexmial IB, 
accurate temperature pi’ofile data are required to detei'mine the -effect of atmospheric 
emission on the signal. No definite statement can be made on the accuracy of the 
temperature measurements since the effect of inaccuracies on the calculated burden . 
depends on the temperature profile and in the case of a temperature inversion, even 
complete accuracy of the temperature profile cannot yield data on the constituent 
density- below the top of the inverson layer. For a "standard" temperature profile 
with no inversion layer, accuracies of better than 2° are required and in some eases, 
accuracies of 1° are needed. 

In addition to the five types of data noted above, data on the amount of 
atmosphere in the path and on cloud cover are required for any interpretation of 
data. The CIMATS pacliage includes another optical sensor. This is a radiometer 
witli a filter such that the major absorbion Is that of the “ 2 , and 4v^ - 

bands of CO^. The intent of this measurement is to determine the amount of absorption 
so as to give the amount of CO in the path. Since for most regions the normal CO 

A ^ 

background mixina ratio can be assumed, the amount of atmosphere through which 
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the radiation has passed can be determined. This amount of atmosphere is dependent 
on atmosphere pressure variations, and the altitude of reflections which is in turn 
dependent on the altitude (above sea level) of the ground and on the cloud cover. 

Data Eeduction and Analysis 

The major data winch are telemetered from the vehicle will be a 64 point 
heterodyned interferogx'am. However, the data useful to any user are the densities 
of the pollutant. Thus the telemetered data must be treated to obtain these densities. 

H-ie heterodyned inierfexograms must be multiplied by a correlation function as 
described above. The correlation or weighting functions will, have been previously 
obtained in ground-based calibration. Thus the instrument mth the associated 
groimd-based data (real time) reduction will provide densities of each of the pollutants 
under examination. In addition to the interferogram data the associated data will 
permit interpretation of the species densities, 

Tlae mapping mode provides a colunm density of the gas of interest. In the 
non-thermal Infrared where a molecule near the ground has the same effect as a 
molecule in the stratosphere, any relative distribution can be assumed and the 
concentration profile determined. If a constant mixing ratio is assumed tire concentra- 
tion at ground level is given by : 

Q _ Column density 
o 2 X Scale height 

In the thermal infrared "where the temperature profile drastically affects the 
net absorption, a molecule near the siu’face has much less effect on the signal than 
does one at high altitudes. A strong effort is made, therefore, to work absorption 
bands ovit of this region. The interpretation is much more difficult in such cases 
and the accuracy, especially that of low altitude effects, is much Avorse. The analysis 
of data in. the thermal iirfraxed Avith this technique, just as with other teclmiques worldng 
in this region, involves fittmg the data to an assumed relative mixing-ratio profile and 
a tempei'ature profile botli of which must be accurate. An iterative procedure is 
required to obtain agreement between the signal received and the profiles. In most 
cases a variety of gas-concentration profiles would fit the same measurement data. 

For the limb mode, a more complex model is needed (Ref. 10). The 
atmosphere is divided hito a number of layers, within each of which the composition 
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is assume to be uniform. At a given altitude, an inner shell or shells with an 
altitude tbiclcness of a scale height contributes about 7-0% of the optical tliickness, 
so that unfolding of the data to obtain an altitude concentration profile is not a 
serious problem. 

Corroborative Measurements 

Although data from CIMATS, along with supporting and housekeeping data 
as described above, are essentially sufficient to meet the objectives of the flight 
mission, it is highly desirable to conduct corroborative measurements, especially 
at an early stage of the fliglit mission, to validate the quality of the CIMATS data. 

Corroborative measurements can readily be obtained from the ground by 
spectrometric measurement viewing the sun tlmough a column of atmosphere. An 
ideal method to accomplish tins is to utilize a Fourier-transform spectrometer 
system currently being modified at NASA-Langley specifically for such measurements. 

By properly locating the instrument in a relatively uniform, unpolluted area', 
such that tlie atmosphere viewed by the ground spectral measurement is representative 
of the atmosphere seen by the larger field of view of the CIMATS- satellite instrument, ' 
valid comparisons can be made. • Tlte ground location can, of course, be changed, as 
desired. 

In addition, speeiEc areas of interest can be monitored, as necessary by 
? 

airborne sampling and remote sensing devices, as well as by ground-based spectral 
measurements . 

Physical Parameters 

t 

The satellite instrument will weigh approximately 50 lbs. and will consist 
of the opto-mechanical and electronic subsystems. The opto-mechanical subsystem 

3 

will weigh approximately 40 lbs. , occupy a volume of approximately 2 ft , and will 
be made up of the Coming ULE frame and components, the thex-moelectric cooled 
detector, the calibration cell, the telescope, and the retaining structure. The 
electronic sub^stem will be packaged in a module of 6 x 6 x 6. 5 inch dimensions. 
Power requirements will be approximately 15-20 watts for the electronics plus 
approximately 15 watts for the detector thermoelectric cooler. 
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PHENOMENA TO BE OBSEEVED 

Tlie measurements to be made with the ClhiATS instrument are the column 
densities ol a number of the pollutants listed in Table c-1 . Until a specific flight 
at a known date is selected, it is premature to se].ect the species to be observed. If 
such an opportunity were available at this time, j;he list w?ould include those given in 
Table C-2. 

TABLE c-2 

OPERATING CONDITIONS EOR THE CIMATS SENSOR 
GAS DELAY RANGE (mm) EILTER (^) 


CH 

2.7 - 4.0 

2.3 

CO^ 

2.7 - 4.0 

2,3 


2.7 - 4.0 

2.0 


2.7 - 4.0 

2.0 

NO 

2.6 - 4.0 

5.28 

NO 2 

8.3 - 10.9 

3.45 

N 2 O 

2.7 - 4.0 

2.9 

NHg 

2.7 -4.0 

2.0 


7.0 - 9.5 

7.3 


• Hie column densities of these gases would be measured in both the mapping 
and limb modes. As mentioned above, it is highly desirable to use bands appreciably 
below 3. 5/i since this avoids the drastic errors introduced bj”^ atmospheric emission 
and has no large errors due to atmospheric phenomena, the most serious suggested, 
scattering by aerosols, being, in the opinion of most experts no more than a few 
percent at wavelengths of 2p or higher unless the atmosphere is quite hazy. Thus all 
the gases listed except NO and SO^, and to a lesser extent NO 2 ' Ue out of the 

thermal infrared. In the mapping mode, for most of tlie gases an accuracy of less 
than 10% error would be expected, with CO^, N^O having errors probably 

below 5%. For limb measurements, a 10% or better accuracy can be expected 
except for NO which would be expected to have an error of the order of 20 - -30%. 

Hie column densily data are obtained by direct treatment of the 64 points of 
the inlerfcrogram as described above. 
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APPENDIX D 


MICROWAVE RADIOMETER AND SCATTEROMETER 


Background 

The Radioraeter/Scattcrometer (RADSCAT) experiment was the first integrated 
active and passive, microwave remote sensor to be flownr in space. Its 
objectives were to assess the ability of microwave sensors to measure earth 
physical sciences phenomena in order to provide future remote sensors with 
optimum performance tailored to a specific application. More specifically, the 
radiometer/scatterometer (RADSCAT) portion of the experiment was designed to 
acquire data and assess the feasibility of microwave techniques for sensing 
wind velocity and direction, sea surface roughness and wave patterns and 
several other related phenomena. 


■ For purposes of this discussion the succeeding sections will be 
} 

1 

limited to the radiometer/scatterometer portions. 

The radiometer operation is based on the principle of thermal emissions from 

an object in the microwave region. The thermal energy emitted by any object 

above absolute zero (0°K) may be modeled with the aid of the concept of 

emissivity; that is, if the object were a perfect "black body" its "brightness 

temperature" Tg would be Tr =(iTo where Tg = brightness temp. 

^ = surface emissivity 
To s= physical temp- 

In the case of the ocean's surface, the emissivity is a complex function of 



frequency, polarization, angle of incidence, complex dielectric constant, 
physical temperature and roughness. The firs.t three parameters are fixed by 
the system in-use- while the next two do not, in general, vary greatly over 
small distances or in short time intervals. Thus the brightness temperature 
responds mostly to changes in roughness which in turn is directly affected by 
the wind. The radiometer is an extremely sensitive, stable receiver which 
measures total noise power within a finite brandwidth B according to 


P = kT^B 

where T^ is the "apparent antenna temperature" and is related to Tg, the 
microwave brightness temperature by 


Ta - T (0, p Go (6,^) ,dx2. 


Go(0,^) = ant gain 
function 




Thus, every time the radiometer makes a measurement, it .outputs a voltage 
proportional, to Ta, which in turn can. be related to Tg^ 

Included with the antenna temperature measurements are periodic 
calibrate and baseline data points which serve to establish system gain factor 
and linearity. 


The scatterometer is a radar which measures the amount of energy bac ks cat ter ed 
from a target instead of range to the target. The measurement is accomplished 
by transmitting fairly long (narrow band) microwave pulses' and estimating the 
return signal power (the term estimate is used here since the process is 
essentially of Gaussian statistics in presence of Gaussian additive noise) . 
through filtering and detection. Since different incidence angles produce 
different Doppler frequency shifts on the return pulse and since the geometry 
and configuration prohibit extremely high transmitter powers, it is also 
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necessary to employ several filters and integrate several return pulses in 
order to make an accurate measurement of Pr, the return signal power. Through 
the process of periodic internal calibration sequences the instrument also 
measures its own transmit power, Pj. If the ratio of Pp/Px thus be formed 
it is possible to measure 0 - the normalized radar backscattering cross 

section. As in the case of radiometry ' s 0 is also a function of 
frequency, angle of incidence and polarization as well as surface roughness. 
The relationship between (T'^and Pr/P^ is derived from the familiar radar 
equation 

>o _ <4fff ff " Pg C ' i 

® ~ ' f’- ■/‘S-WfaicCA 

'A 

x-ihere R = slant range to the target 

X. = wavelength of microwave energy used 
L = one way atmospheric loss term 
antenna gain function 
f(f)= two way antenna pattern function 
A j= area illuminated 

In this case, 0 also responds to "changes in surface winds as per the 
follovjiug description. As the wind velocity Increases above (approx) 2tn/sec, 
capillary waves are generated whose wavelength- is on the order of a few 
centimeters. These capillary waves increase in amplitude as the wind speed 
increases, giving rise to a "rougher" ocean surface which in turn makes 
appear larger. The magnitude of this phenomenon is maximized when viewed 
with energy of the same wavelength as the capillary waves, that is X to Ku 
band. At incidence angles between 25*^ and 5S'^ it has been found that ^ 





and integration coirimands and the data A/D conversion and formatting into the 
PCM data stream for recording on the BREP tape recorder. There were four basic 
scan modes which had several allov;able sub inodes depending on polarization, 
initial scan angle or radscat sequence desired. The system was more complex 
than would normally be required for an operational sensor because of its 
experimental nature. 

C* Data Output and Format 

The Radioraeter/Scatterometef data was formatted into a 5.33 Kbps, bi phase 
coded' (MSB first) PQl data stream and recorded (after multiplexing with several 
other EREP experiments data and the master time code) redundantly on 2 of the 28 
tracks of the EREP tape recorder’ at 7.5 IPS. hlien the 
13 band multi spectral scanner was operated the tape speed automatically 
changed to 60 IPS producing a momentary loss of data through distortion. The 
output data frame consisted of 200 10 bit words arranged in 7+ subframes of 50 
each. Frame time was 375 n sec, subframe time was 93.75 m sec (375/4) and 
word time was 1.877 m sec. The data frame was divided into 20 6 word blocks 
(5 per subframe) which contained the essential science and status data. The 
remaining words (80 per frame, 20 pe.r subframe) were devoted to synch (3 words 
per subframel subframe ID (1 word per subframe) and analog housekeeping 
telemetry xrords (4 groups of 4 per subframe) . Figure D-1 shox^s the basic data 
frame. In any particular radscat operating mode the 20 bit status word in 
each 6 x-7ord measurement group would indicate what type of data was to be 
found in the two science words ■■ i.e., scat signal pXvis noise (VS+K) scat 
noise (V]<i) , scat cal (Vc) , rad ant temp (Eq^) , rad cal (Eqq) or rad 
baseline (Eqb) . If the measurements had not been A/D converted by the time 
the associated roll gimbal angle was read into the group, then bit 17 of the 
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increases generally according to a power law relation such as 


(f' ° ~ Ku^ where K = constant 

u = wind speed 
K = exponented 1-1.5 

as the wind speed increases. It has also been noticed that there is a 
definite direction dependence at work here also - that is, the magnitude of 
varies as the relative angle between the wind direction and sensor viewing 
azimuth is varied. 

The Radiometer /Scatterometer was designed such that nearly simultaneous rad 
and scat data were obtained from the same point on the earth. In this fashion 
it was felt that a more complete description of the physical phenomena could 
be made and the complementary nature of the two techniques evaluated. 

B, Sensor Operation 

The Radiometer/Scatterometer was located outside of the habitable portion 
of Skylab and requ-red three electrical interfaces - pox^er, command and data. 
The instrument was operated by an astronaut crex.? meraber through switches 
located on the Command and Display (C&D) panel. Several operating modes xjere 
available for data collection depending on the position of the desired target 
and whether altimetry or radscat data was required. The crexj member would 
select the desired operating configuration, having control over scan mode, 

t 

polarisation, offset angle and either altimeter or radscat operation and then 
turn the instrument on. All operation from this point was automatically 
controlled xxrithin the experiment by digital logic xAich generated the necessary 
scan drive signals for the two axis controlled parabolic antenna, the mode 
sequencivxg and timing signals, the transmitter pulses and FRF, the radiometer 
circulator sxjitching sequences, the scatterometer gain selection, filtering 
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status word would ba set to a 0 indicating old data to be ignored. Also 
included in the 20 bits were indicators of which gain channel, Doppler filter 
channel and polarization the measurement had occurred at. In this fashion 
an individual measurement ' group contained all required associ,ated information 
for processing plus had the attendant pitch and roll gimbal angles also. This 
was extremely important since different scat readings (at different gains or 
angles) were done with various integration times which had to be accounted 
for in the processing. The four possible radiometer integration times were 
identified . through a combination of knowing the. scan mode being operated and 
the commanded angle in the mode sequence. 

D. Processing Requirements 

The basic algorithms required to convert the instrument science data into 
values of or (j are not extremely complex and are both linear (or first 
order) functions. Through analysis and simplified models of the radiometer and 
scatterometer two algorithms were derived which required not only instantaneous 

f 

science word data as inputs but variovis supporting information such as 

physical temperatures (for determination of reference loads in radiometer as 

I 

well as physical temps of waveguide losses) , status words to determine 
integration times, filter gains and polarizations and, of course, the pitch 
and roll gimbal angles for IFOV coordinate calculation. Figure D2 is a block 
diagram of the functional processing requirements. 
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KCjKR, Kt = wave glide 
cal losses 

S4N = Sig plus noise ireas. 
N ' Koise measure 
C " Cal measure 
r =® Filter factor 
G = Gain factor 


3, Range, angle of incidence calculation from vector calculations in an earth 
centered orbit geometry 


4. Antenna Illumination Integral 
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5. Radar Backscattering Cross Section 



The output data required consisted o£ the following parameters: 

TIWE 

. SCAN MODE 
GliD ANGLE 
PITCH ANGLE 
ROLL ANGLE 
INCIDENCE ANGLE 
<S° (V or H) 

TANT (V or h) 

ALTITUDE 
RANGE 
IFOV LAT 
T.FOV LON 
SUBSAT L.AT 
SUBSAT LON 
SAT PITCH 
SAT ROLL 
SAT YAM. 

In addition, conversions of housekeeping telemetry values to engineering 
units were required^ These were accomplished through inputting the cal curves 
into a cal tape in a multiple order curve fit and then calculating the required 
engineering unit given the telemetry value as input data. This requirement' 
does not appear in Figure #2. 


A similar situation exists for processing of radiometer data to obtain antenna 
temperatures. Here, however, only four integration times are possible and less 
Mode /angle /temp dependent correction needed' to be done. However, due to the 
statistical nature of the radiometer measurements it is necessary to obtain 
statistics (mean, etd dev) of the calibrate and baseline values. Figure D-3 
shows the rdqxiired radiometer processing to calculate the antenna temperatures. 
The algorithms used here are shown below. 
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Xhe radiometer processing also makes use of several internal telemetry points 
as does the scat and therefore requires their processing and output. 
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SCATTERpMETER PROCESSING 
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APPENDIX E 


EIUCTRON ACCELEPATOR 

The electron accelerator will be used to study the excitation of neutral components 
of the upper atmosphere and of plasma components In the Ionosphere. It will also 
be used to map magnetic field lines of the earth, to determine the magnitude and 
direction of the electric field in the ionosphere and to' study the excitation of 
plasma wave in the ionosphere. 

GENERAL DESCRIPTION 

Configuration . The Electron Accelerator is a modular subsystem of the AMPS Particle 
Accelerator Systeni, In this system spacecraft 28 VDC power is converted to 500 volts 
by subsystem A and the 500 volts is utilized to charge a capacitor bank (subsystem B) . 
Power from the bank is further converted to 30 KV (max.) by subsystem C. The output 
of this supply establishes the accelerating voltage for the electron accelerator. 

The accelerator is in the form of a filament he.ated cathode electron source followed 
by a control grid,, an acceleration region, diverging and converging lens electrodes 
and final’ accelerating electrode. The beam emerges into a magnetic field region 
supplied by two sets of coils to provide steering and/or scanning. The accelerator 
and its power supplies are pallet mounted. 

Specifications . 

Beam Energy; 1 ~ 30 EeV 

Beam Energy Spread (AE/E) ; $ 0,1 
Beam Current: 0-7 AMPS 

Operating Modes 

a) DC 

b) Pulsed - Rep. rate and pulse duration variable within .05 duty cycle at 


E~1 


max. pov?er. 



c) Modulated - amplitude 0~1007o, frequency 0-10 MIlz wifh .05 duty cycle at max. 
power , 


Beam Angular Divergency: +5*^ max. 

JitcK Angle Variability: O-ISO® magnetic deflection, plus vehicle orientation. 


Power Input ; Voltage (s) : 
Standby Power : 

Average Power; 

Max . Power ; 

Planned Energy Consumption: 


28 VDC 
400 Watts 
5 K.W 
10 CT 

40 K^TR/Day Max. 






The dimensions and -weights of the accelerator and its associated driving system are 
as follows; 


System 

Dimensions 

(meters) 

Volumes 

(ta^) 

Weight 

(kg) 

Pov7er Unit (A) * 

- 0,5 X 1.0 X 0.5 

■ 0,25 

45 

Capacitors (B) * 

0.5 X 3.0 X 1.5 

2.0 

540 

Power Unit (C) * 

1,0 X 1.0 X 0,5 

0.5 

110 

Electron Accel (El, 2, 3) 

3.0 X 1.0 X 1.0 

3.0 

40.5 

Pulse Program Box (E4)** 

— 

0.1 

4.5 


OPERATION 


Pointing Accuracy . The accuracy of pointing the axis of the electron accelerator 
should be within ^ degrees . 


Stability . The spacecraft stability, should be 1 dsgree/sec or less. 

Spacecraft Altitude . The altitude of the spacecraft should be know to within 1 
degree. 


*Note“If the Ion Accelerator MFD Arc and High Voltage Plasma Gun are flown they share 


some subsystems . 

■- ■< -- -tn n-narator's console. 





Timaline of Operation . The Electron Accelerator will operate for a maximum of 
4 hours per day. Standby operation would occur only during this four-hour period - 

Complementary Operation . The Electron Accelerator will be used in conjunction with 
an assortment o£ particle detectors, electromagnetic wave receivers ion probes, 

T.V, and spcctroradiometric instruments both for diagnostics of the beam. characteristics 
in the vicinity of the accelerator and for the sensing of remote phenomena generated 

by the electron beam. Xlie beam diagnostic equipment must have its controls and data 
output correlated very accurately in time with the accelerator time varying parameters. 

Constraints . Operation of the accelerator should take place in the ionosphere at a 
minimum of 200 l<m altitude. 

ChECEOUT AhP TEST 

Boresighting Requirements . Because the pointing accuracy is degrees only a 
mechanical alignment should be necessary. 

Prelaunch Checkout . Low voltage subsystems would be activated and housekeeping para- 
meters observed. Production of accelerated electrons would not be possible as a vacuum 
environment is required for this operation. 

Preflight Calibration . None 

Inflight Calibration . Inflight calibration would be performed only if some- or all 
of the AMPS Particle Accelerator Beam Diagnostics Group are also flown: The frequency 

and duration of calibration are TBD but would be performed at least once, at the 
beginning of accelerator operation. 





CONTROLS 


The Electron Accelerator will be controlled from a console in the orbiter aft crc <t 
station. The accelerator design would require approximately 12 control functions 


transmitted to the pallet mounted subsystems for operational control. Included in 
these are the following; 


Subsystem 


Controlled Parameter 


A 

C 

C 

c 

E 

E 

E 

E 

E 

E 

E 


Capacitor Bank Charge Current 

High Voltage Switch (HV51) (4 position) 

PPUl 'Output Voltage 

PHIl Output Current 

Control Grid Voltage 

Control Grid Frequency 

Cathode Heater . 

Diverging Lens Voltage 
Converging Lens Voltage 
X“2 Sweep Coil Voltage 
Y-E Sweep Coil Voltage- 
Control Console Power ON/OEF 


Details of implementing these controls are TBD . However, the design would probably 
require analog control lines from the console to the accelerator subsystems capable 
of supporting signal bandwidths up to 10 lIHz. Several of the control functions will 
need rapid time sequencing. This will be accomplished by a programmable pulse program 
box. Details of the box are TBD. 


DISPLAYS 

Approximately 10-20 parameters relating to accelerator operation will require displays, 

I 

Some are slowly varying while others can occur with repetition rates up to 10 MHz or 
can be transient (one-shot) pulses tyith widths as short as 100 nanoseconds. It will 
be necessary to view the pulse shapes of a number of the rapidly varying parameters 
correlated in time. In addition, some of these pulse shapes need to be permanently 
stored as scientific data. Probably the best way to accomplish display is with several 



fast digitizers with selectable sampling frequency up to 100 Mtiz and storage of 
the dlgiti^d pulse shapes iii raembries for iiraiedl-ate recall to a CPJ’ display (s) . 

The parameters \^hich requiire pulse shape display are’: 

System Parameter 

C PPUII Output Voltage 

C PPUII Output Current 

E Accelerated Current 

E Accelerating Voltage 

E Grid Current 

In addition to these parameters all operational and housekeeping parameters should 
be sampled at. a lower rate and displayed, probably on a CRT vilth commandable digital 
format. It is estimated that there will be 10 to 20 such, parameters. 

DATA 

Scientific . The electron accelerator will generate slowly varying (approximately DC) , 
modulated (up to iO 11Hz) and pulsed (as fast as 100 n sec width) parameters. Scientific 
data storage -will require retaining the pulse shapes of several of the pulse parameters 
or of sampling several cycles of the modulated parameters and storage of the shapes 
of the parameters. For the rapidly varying parameters probably the best way to 
handle the data is with fast digitizers with selectable sampling rates to 100 IQlz 
and storage of the digitized parameters associated memories (already mentioned in Dis 
play section), before merging into the shuttle systems. There will be two sueb accel 
erator scientific parameters. They are as follows: 


System 

Tarameter 

Bandwidth (MHz) 

Bit Rate (KBPS) 

E 

Accel . Current 

10 ' 

2,5 

E 

Accel. Voltage 

1 

2.5 


E-^ 



Housekeeping . There are both approximate DC and time varying parameters to be 
stored and merged with the scientific data. The peak or average values of the 
time varying parameters would be stored. A.t the present time it is estimated 
that there will be 15-20 of these parameters 'which should be sampled at ,'l/sec. 
digitized to 8 bits for a total rate of approximately 16 bits/sec. 

DE\n;LOPI>lEHT STATUS 

Fore runner Ins trument s . Electron accelerators up to 40 kev energy have floim on 
several rockets, with' successful, results . Although the current capabilities of the 
present accelerator are higher than the rocket accelerators, the systems involved 
should be within the state of the art. In addition, the manual programming offered 
fay the capabilities of the shuttle systems, should add appreciably to the successful 
operation of the accelerator. 

Problems . TtTO principal operational problems require attention. It must be insured 
that vehicle neutralization is achieved during electron accelerator operation. Also 
possible contamination of the accelerator cathode during prelaunch operations and from 
shuttle contaminants during orbital operations require consideration. 
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OPTICAL BAND IMAGE AND PU0TOI4ETER SYSTEM (OBITS) 


The objective is to obtain radlometrically quantitative monochromatic images o£ faint, 
transient phenomena, such as natural auroras and artificial auroras and glovys 
produced by chemical tracers and other perturbation phenomena. The optical pass- 
band of each photometer unit has a preselected wavelength inter\ral whose center 
corresponds to the wavelength of the band or line emitted by a particular molecular, 
ionic or atomic species. Thus images are obtained of the distribution of particualar 
excited species. 

The pointing is done either manually or by computer. Where the atmosphere is 
perturbed so as to emit, the direction of the phenomenon is calculated and the units 
are turned automatically in that direction, 

T^'jo units have narrow fields of view and their objective is as photometers to 
measure the radiance in a small region rather than as imaging sensors. Their 
direction is controlled manually by observing the TV images of the V7ider field 
sensors . 

The units are versatile and modular and can be adapted to a wide range of experi- 
ments. Interchangeable filters and lenses are part of this versatility. 

Configuration - The mmber of units is TBD, but tentatively there are 4, 

A cover is necessary tb eliminate contamination of the optical surfaces. A door, 
located between the lens and sunshade, slides open just before data taking. 

Each unit has a sunshade which is collapsible to save space when the instrument is 
not in use. It is large in order to provide baffling against off-field radiation. 

An important case is viewing air gloves above the horizon during daylight. This 
requires high capability for off-axis rejection. 
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The lenses have different angular fields of view and are interchangeable between 
missions. The apertures are large in order that faint glows may be sensed. They 
may be either mirrors, transmitting lenses or a combination. 

To make the image monochromatic, interference ^filters , absorption filters or a 
combination may be used. In some cases the imagery may be broadband. The filters 
are interchangeable during a mission so that different species may be observed 
for different experiments. A simple method of accomplishing this is with a turret 
mount, if space permits. 

Two detectors are TV cameras and are interchangeable for different missions. 
Candidate cameras are the 40 ram Silican Intensifier Target and the microchahnel 
plate with charge coupled detector which is under development. The requirements 
are high sensitivity, quantitative accuracy and good background suppression. 

One of the cameras may be OT, depending upon the mission. The detectors for the 
photometers are photomultipliers, one of which may be UV. 

All units are located on the pallet. 

Specifications 

Spectral Characteristics - The spectral chzracteristics of the instrument 

t 

are determined by the characteristics of the filter and photocathode. These are 
selected for the particular experiment or mission. 

Resolution and Sensitibity - The angualr resolution of the system is determined 

by the focal length (and thus the total field angle covered) and the size and 

resolution of the TV subsystem which should be capable of 200 TV lines at 

—6 

a faceplate illumination of 10 meter-candles at 5400 A and the spectral 
response defined by the S-25 photocathode surface, or alternatively a' surface 
of lower resolution and higher sensitivity, or one sensitive in the UV. 
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Field of View - The field of view of the photometers vary from % to 2° 
v?ith 3' variable field stop. The TV systems have fields of view from 5° to 
160°, depending upon the choice of lenses. 

The off-axis rejection must be as high as possible in order to exclude spurious 
radiation from lower levels for observations at higher levels where the radia- 
tion is faint. This is especially important during daylight. A nominal 
desired objective for a 10° field lens is 10” ° rejection at the axis for radia- 
tion 2° outside the field 'of view. If a 160° lens is used the off-axis 
rejection does not meet these specifications. 

The geometry of the platform and gimbals permits an unobscured field over 
a full hemisphere or 2 steradians. Booms in the field would^ cause a severe 
flare problem during daylight. 

One configuration is photometers at two different wavelengths, a TV with a 
5° field and a TV with a 20° field. Another is both TV's with the same 
field but at different wavelengths. 

Data Collection Rate - The. scan modes are; (1) a conventional TV raster at 
30 frames per second, and (2) integration modes at 1/10, 1,2,4, and 8' seconds. 
All units are synchronized to obtain temporal registration later. 

Each TV has a bandwidth up to 4 ^5Hz. The photometer have a bandwidth of 20 khz. 
The 2 TV units and 2 photometers have a total of 8,040 khz. 

Power - Each TV unit requires 20 watts average at 28 volts and a maximum of 
40 watts, for 2 units this requires an average of 40 watts. For 2 units this 
requires an average of 40 watts and 80 watts maximum. The standby power is 
10 watts. Each photomultiplier unit requires 5 watts. 
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Physical Dimensi.ons and Weight - The V7cight is estimated at 100 kg for 4 


units without the steerable platform, howe.ver, the baffling shields to minimize 
stray radiation, may cause the weight to be significantly greater. 

The size of the camera unit, filter and lens is 0.2 x 0.2 x 1.3 meters. The 
shield may be as large as .9 x .9 x 1.8 meters giving a total length of 
3.1 meters.. It may be possible to fold up the shield when not in use in order 
to save space . 

OPERATION 

Pointing Requirements - Pointing accuracy to 2° is required. However, the 
attitude knowledge must be knovm to .02 degrees. This accuracy is necessary 
for the analysis of injection experiments. 

Stabiliatlon and Tracking Requirements - Angualr rates less chan l°/minute 
are required. 

Timeline of Data Ccllection - Typically, the time and direction of a particular 
phenomenon has been calculated previously and the instrument pointed toward 
it. Just before data collection the protective cover or door is opened and the 
calibration source put in place and turned on, It is turned off and removed. 

■ (A design which permits calibration without moving anything may be feasible.) 

The selection of the particular mode of operation is made and data taking 
starts. The location of the glow on the display shows the place where the narrow 
field photometer should be pointed -and the direction of the system is trimmed 
manually to put the photometer on target. The end of the scientific data 
is ended manually, for example, when the glow on the display disappears. 

The calibration cycle is repeated and the door is closed. 



Complementary Operation ~ The OBIPS is operated to, observe the glow caused by 
atmospheric experiments (as well as passive operation), such as plasma injection, 
chemical injection, artificial meteor production and accelerator operation. 

Constraints - The sua cannot be viewed 'without damage to instrument. Daylight 
reduces or eliminates the visibility of the phenomena, however, some daylight 
observations are planned. 

CHECKOUT AND TEST 

Boresighting Requirements - Boresight between the photometers must be accurate to 
0.01 degree, or the resolution of the photometer if it has a greater angle. This 
must be checked via the displays. The input to the subsystems to perform this is 
TBD. In addition, the orientation of the photometers with respect to the space- 
craft attitude indication must be known to .02 degrees. 

Prelaunch Checkout - Checkout can be accomplished with collimators focused on 
film images and observers looking at the TV displays for clarity. 

Preflight Calibration - A calibration cycle is performed and the measured values 
compared with a GSE standard source which is placed in. front of each subsystem. 

Inflight Calibration - The calibration cycle is performed. The source to be used 
■ is TBD . 

CONTROLS 

Mode or Operation Humber of Positions 


1. 

Door open/dlose 

2 

2. 

Sunshield in position 

2 

3. 

Aperture control 

10 

4. 

Filter selection 

3 to 10 

5. 

Gain 

10 


P-5 
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6. Mode of TV operation 

7 . Pointing NA 

8. Calibrator position 2 

9. Calibrator light on/off 2 

DISPLAYS 

The displays include once video T\^ monitor for each system and one light each for door 
open, sunshield position and calibrator position. 

DATA 

. Scientific Data - The maximum video output is a bandwidth of 4 HMz for each unit, 
for a total of 8 MHz, For some inodes the actual data rate will be considerably less 
In addition, the photometers have a- digital bit rate of 40 kbits/sec. 

Housekeeping Para . - The following housekeeping parameters are recorded: 

Temperature of each TV sensor, .accuracy one degree, range - 20 to 440°. 

Pointing direction, accuracy .02 degrees.' 

Time of the middle of every TV picture accurate to 0.003 second, at a maximum 
rate of 30 times per second. 

Control settings of each item listed above 

PROBLEMS 

Design and Manufacturing - The primary problem areas are the TV selection and 
development, the pointing problem, the spacecraft location accuracy, the off- 
axis rejection specification, and calibration. None of these should prevent oper- 
ation but may require compromises. Considerable work on optimization and trade- 
offs is required. 

The development of TV sensors which go farther into the ultraviolet would give 
added versatility and utility. 






The most critical factor in determining the performance is the TV which 
must be extremely sensitive and quantitative. 

Operational - There are no critical operational, problems. A boom or any part of 
the spacecraft in the field of view will cause flare during daylight and 
obliterate the images. 

A possible solution to the problem of preventing the lower atmosphere from causing 
flare during daylight is to use the spacecraft to block the radiation reflected 
from the earth and lower atmosphere. 
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OBIPS Data Handling Requirements 


The total OBIPS data handling requirement for a particular mission depends upon 
the number of subsystems flown. Requirements established in following sections 
are preliminary and are likely to be changed . later . Hov?ever, these requirements 
illustrate the general magnitude of the' data handling task. 


IMAGING SUBSYSTEM DATA HANDLING 

With -world time and astonomical look angles- appearing within the raster the 
peripheral data requirement is substantially reduced without serious degradation • 
to the imaging data. It is reasonable at this stage to assume. that the remain- 
ing 4 kbps of peripheral data can be packed into the vertical interval thus 
incorporating all relevant data to the subsystem within one channel. There 
presently exists sufficient information bandwidth within the veritcal interval 
to easily accommodate ‘ the required data. 

If transmission (or recording) , bandwidth requirements do not permit more than 
one imaging system to operate at a time field switching may be employed to matrix 
multiple cources to fit the requirements. This method is further enhanced 
when all peripheral data is packed in the vertical interval giving each frame 
the ability to stand alone while remaining completely referenced. 




Imnp'inf, Subsystem 
Viclf'-O Dntr 


To inclu<3e x^orld time and look angles wlthiii raster via 
character generator. 

Required bandwidth - ^ MHz 


Periplieral Data 
Spacecraft position 
Housekeeping 


Integration Mode 


Filter Selection 
Camera Temperature 
Aperture 
Shutter 
Calibration Lig3it 
Filter Temperature 
Source lb 


8 bit words 


/(80/sec 


'3.84 kbps 

1 word/sec 
1 word /sec 

1 word/sec 


.04 kbps 


1 word/ sec 
1 word /sec 
Video Requirement - 4' MHz 
Peripheral and Housekeeping - 3.88 kbps 


PHOTO>E1FR SUBSYSTEM DATA HANDLING 

•When operating at a typical dynamic range of 2-5 x 10^ each 
photometer will 'generate rouglily 8 kbps of raw data. If only one is 
operating then the total data requirement including peripheral would be 
rougitly 20 kbps. With both operating tlie requirement increases to 
roughly 30 kbps (.assuming spacecraft position and world time need not be 
redundant). Time and position data requirements liave been formuiated 
assuming readout every 0.01 sec. It is entirely feasible to reduce tlic 
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data requii'cmcnt by packing the information into the raw photometer data 
although this requires more signal processing onboard the spacecraft. 

In order to handle the 5 x 10^ dynamic range within the 8 bit 
word format it is necessary to generate 156.25 kbps of data with 50 psec 
resolution. If, liowcver, one can utilize the 16 bit word format the 
data requirement drops to 16 kbps with 0.001 sec resolution. In this 
case the subsystem data requirement would be reduced tO' rouglily 28 kbps. 
With both- subsystems in operation the data requirement would be roughly 
kbps. 


Parameters 

Range 


Resolution 

World Time 

365 days 


0.01 sec 

Spacecraft Position 




a) Latitude 

± 90° 


0.001° 

b) Longitude 

360° 


0.001° 

c) Altitude 

1000 km 


0.1 km 

Astronomical Look Angles 




a) 1st axis 

360° 


0.1° 

b) 2nd axis 

360° 


0.1° 

Filter Temperature 

25° ■ 


0.1° 

Camera Temperature 

50° 


0.2° 

Field of Vic.w 

2.5° 


0.1° 

Wavelength 

6000 


1 X 

Photometer Sub.systcm 




knw Data 

■ 8 bit 


16 bit 

Dyn.iml c k.mge 

Form;] U 


Forma t 

5 X 10^^ (max) 

156.25 

kbps 

16 kbps 

2.5 X 10^ (typ) 

8 kbps 

16 kbps 

al.l .above ]>rovide at iCiisL 

0.001 .sec Lime 

resolut 

Ion. 
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Time (0.01 sec resolution) 600 ,words/sec 


U . 8 kbps 


Spoeocraft Position (O.Ol sec time resolution) 

800 vgords/sec 6.4 kbps 

Look Angles (0.2 see time resolution) 20 \Jords/sec . 16 kbp.s 

11.36 kbps 


Field of View 
WavelOTigth 
Filter Temperature 
Shutter 

Calibration Lamp 
Voltage Supplies 
rhotomcL...r SubsvsLein 


1 vjord/ sec 

2 words /sec 
1 word /sec 

1 word/sec 


8 bit 


Rav-J Data Channel 8-156.26 kbps 

Peripheral and House- 
keeping 11.4 kbps 


Total requirement 

per sub.system 


Dynamic 

8 bi t 

16 bit 

Range 

Format 

Format 

max 

367.65 kbps 

27.4 kbps 

typ 

19.4 kbps 

27,4 kbps 


.04 kbps 


36 hit 
16 kbps 
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APPElffilX G 

TEAESIENI ANALYSIS OF CARDIOPUIjMONARY FUNCTION 


SECTION II- - TECHNICAL INFORi-tATION 


1. OBJECTIVES : 

The overall objective of the experiment is to obtain information un 
the time course and magnitude of change of several cardiopulmonary 
parameters, including heart rate, ventilation and oxygen consumption, 
during step changes in exercise. A secondary objective is the development 
of a computer analysis methodology compatible v/ith the format of data 
collection for the pulmonary blood flov/ experiment. 

2. BACKGROUND AND JUSTIFICATION : 

The time course of changes in various cardiopulmonary parameters 
during step changes in exercise in zero-g has not previously been analyzed. 
During Skylab, steady-state heart rate, ventilation, oxygen consumption and 
respiratory quotient were obtained inflight during exercise stress testing. 
It is proposed that the transient changes in these parameters occurring 
after step changes in stress are physiologically significant and should 
be evaluated, 

Heasurement of total blood volume and exercise cardiac output during 
Skylab postflight tests revealed significant reductions in blood volume. 
Reduced blood flow and stroke volume v/efe observable in the immediate post- 
flight period. These changes are presumed to be the result of increased 
central blood volume inflight. It is possible that the increased central 
blood' volume encountered in zero-g will alter the transient response of heart 
rate and respiration to exercise. Analysis -of transient changes in heart 
rate, ventilation and oxygen consumption during step changes in exercise 
pre- and postflight on Apollo 1? and Skylab 1/3 indicate some changes in -• 
response to step changes in exercise stress as a result of prolonged exposure 
to zero-g. The Space Shuttle will provide a logical opportunity to inves- . 
tigate transient changes in cardiopulmonary parameters associated with 
weightlessness* 

Changes in the short-term response to changes in exercise stress may 
be related to the mechanism of other cardiovascular changes observed during 
Skylab. This experiment represents a logical extension of investiga- 
tions dope: in Skylab and will provide a more detailed examination of 
cardiovascular mechanisms operable in zero-g as well as during reaciaptation 
to the norraogravic environment, 

3. EXPERIMENT DESIGN : 

The experimental exercise protocol for demonstration purposes will be 
15 minutes of data collection comprised of 5 minutes each at rest, 75 
watts exercise, and recovery. Gas exchange and heart rate will be 
measured continuously with 5-sec values o'f heart rate and per breath 
values of ventilation and oxygen consumption stored by computer for future 
analysis. This protocol is to be done daily, starting the 2nd day of 



mission. These measurements can be obtained in conjunction vnth the 
pulmonary blood flov/ experiment. 

Single time constant transient responses are to .bo computed for ventila 
tion, oxygen consumption and heart rate for the change from rest to 75 
watts. Two time constants are to be obtained for the recovery period. 

These time constants are to be obta.ined using a minimum mean squared 
error criterion (error = actual -computed solution). Time constants 
obtained on each test will be compared to determine vafiabiTity of the 
measurement. 


C.-7 



SECTION III - EXPERIKiCNT EKGIKEERIKG REQUlREI'iENTS 
1. EXPERIMEliT ENGIUEERING' RrOUIREMEHTS : 


a. ■ ' Eqinpnicnt Description 


1) The experiment hardware for the gas/voliime analysis rack 
is shown in Fig. 1. A respiratory -mass spectrometer is located 
at the top of the rack. This unrt was specially modified from the 
original Skylab configuration, Kodifi cations included changing 
the inlet' leak design to permit breath-by-breath analysis, and the 
fabrication of a dual capillary inlet system vnth provision for 
electronic sv/itching between capillaries. This additional flexibility 
permits us to analyze breath composition vaveforms at the mouth or to 
batch ' sampl G at the exhalation spirometer. A complete control 
panel is included to operate and monitor the mass spectrometer. 
Spirometers for measuring expired and inspired gas volumes are located 
below the mass spectrometer control panel. The- expiration spirometer 
is a standard flight configuration KQ71 spirometer. The inspiration 
spirometer was specially constructed by the project engineer, Hr^ 

Lem, to have 7-liters capacity like the exhalation spirometer, ihis 
important modification permits one to use .the spirometers for flow/ 
■volume loops vnthout the necessity of cross-contamination of subjects 
that one encounters when only one spirometer is employed. The 
remainder of the rack is devoted to housing experiment gas supply 
cylinders, regulators, and a special computer sv/itched gas selection 
manifold. This device permits the computer to select calibration 
gas mixtures or various breathing mixtures according to their 
utilization in the experiment protocol. 


The experiment will also utilize a coll ins-type cycle ergometor 
and a mini-gym isokinetic exerciser modified to provide for an 
electrical output of the measured forces. The ergometer must be 
located within 10 feet of the gas analysis rack. V/hen not in use, 
the mini-gym vnll be stowed in the storage rack. 



The computer equipment configuration is shown in Fig. 2. The 
system includes a central processing unit (POP-Se), disc drive, 

Analog to Digital converter, power controller and operators panel. 
Digital input-output interfaces mounted inside the CPU, and a graphics 
terminal to be mounted in another rack. Softv;are for this system 
will provide for data acquisition, analysis, and display for this 
and other proposed experiments. The operating system will provide 
controllers for all input-output devices, and provision for experi- 
ments v.'hich require 24-hour monitoring of experiment signals. 

Software for other, experiments vnll be stored on the disc, and any 
one can be called and executed by a single key entry on the operators 
panel, -The computer will then be dedicated to that experiment 
until completion, however, the computer will continue to provide 
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24-hour monitoring as required. Data vnil be acquired via A/D 
converter and digital I/O, reduced and presented on either a small 
digital printer or the graphics terminal. 

2) The equipment status is that of a sophistocated breadboard 
tha^t employs previously flovaa hardware together with some laboratory 
development units. 

3) Please refer to Fig. .1. The proposed rack configuration for 
the PDP-8e minicomputer is shown in Fig, 2. The graphics terminal 

and its electronics are located as shov/n in Fig. 3. 

b.- Interface Information 


1) Ho specific location is required for this equipment. 


2) Ho specific mounting requirements have been established 
at the present time. 


3) Utility Requirements: 


1 


E1 

ectrical 

Cases 

Fluids 

] 

1 

Poi.’or (watts) I 

1 

1 

fypG-j 

l.'atcr, 

Item 

Standoy 

Max i mum 

Voltaoe 

Frequenev 

Pressure 

liouid lip, etc 

Ergoipeter 

! 

i 

t 

500 

115 VAC 

60 Hz 

1 


Hini-Gytr- 


100. 

115 VAC 

60 Hz 



Computer 
Rack ! 

• 

875 

115 VAC 

’ 60 Hz 



6as Analy- 
sis Rack 


200 ’ 

115 VAC 

i 

60 Hz ; 



Storage/ 
CRT Rack 


150 

1 

115 VAC 

60 Hz 

I 



4) H/A 
B) H/A 

c. Environmental Constraints 

'••!) The normal laboratory environment is satisfactory for 
performance of our demonstration. Ho specific limitations have been 
defined at the present time, 

■2} Ho known interference with other experiments is anticipated 



Bai'A r.>)ronr>'^nl‘.a 


(TBD) 


Stato tho oqpootcd data and woasurGsicnt characterir;tic3 
tbo fo'iTTiat jjpatifiod bolo’.-f v.'horc; applicable. Include 
additioinl or diflcrcnt infor.r.atj on aa ncceaaarj''. 


Equipnicint Iteia Uaod 1 

3 


Paraii’ctcr To Be' )iea.ourod 1 

2 

3 


' BXPBCT2D V/.LUES 
OF PAPJdffiTEB 


lEASUREi'SllT 

CIl/vUf-.Cl'SPJSTICS 


Units (Meiers ; GK:Sj etc,) 

Avers 

Range 


Hov/ Olten 

(Eg. Times Per Bay) 

Dui’ation of Each 

Total Mumber in. llisciou 

Sanple Rate (or CPS of interest) 



SECTION IV - orERATIONAL REQUIRCHENTS 


1.- EXPERIMENT OPERATION RE0UTREHEMT5 

■a. Pref light Requirements: 

The experiment will require tv;o (2) preflight training 
sessions in order to familiarize the crev/ vnth the equipment and 
procedures. Additionally, three (3)‘ sessions v/ill be required f 
collection of preflight baseline data. 

b. Inflight Requirements: 

1) All crev.-members vnll participate in the experiments 

Z) One -experimental exercise test will be accomplished 
each crev.'iTian on each mission day beginning on mission day 2. T 
approximate timeline for each test is as follows: 

a) 20 min for calibration and instrumentation of ^ 

b) 5 min data collection at rest 

c) 5 min exercise at 75 watts and data collection 

d) 5 min recovery and data collection 

Each test -will require the participation of two crewmen, one aj 
subject and one as the observer. 

.2, ' FLIGHT OPERATIONAL REQUIREMENTS 

TBD 

3. DATA SUPPORT REQUIREMENTS 


a. Preflight; 

(VA 

b. Inflight: 

TBD 

c. Postnight: 

TBD 

d. Analysis and- processing support: 
TBD 




















TRANSIENT ANALYSIS OF CARDIOPULMONARY FUNCTION 


Data and Processing 


Data Rate and Format: 


Duty Cycle: . 

Processing Done By Experiment: 

Ancillary Data Required: 
Application of Ancillary Data: 
Quick Look Processing Required: 

Preprocessing Desired: 

Algorithms Required For 
Processing Data: 

Processing Tiine Required: 
Troubleshooting Aids: 


12 bits/ word, 4, 000 words/test - 
intermediate data. 

Raw data - ECG, volinne, % O^, % C( 
% N^ work rate and time. 

Must store about 1500 words to calcul 
intermediate data. 

7 analog housekeeping parameters. 

2 hr. / day when used. 

Could be used more often if necessar 

Present computer ~ A/D conversions 
control instrumentation, calculation i 
display of intermediate data. 

Cabin temperature, pressure, humid 
and GMT. 

To compute conversion factors requi 
to reduce data. 

Report format shov/ing intermediate 
data in tabular form. 

Parameters: Heart rate, ventilation, 
oxygen consumption, carbon dioxide 
production, work rate and time. 

Compute intermediate data from raw 
data. Presently PDP-8e will be pro- 
grammed to provide intermediate dat 

n/a 

Ground processing per + CPT; 

10 min/test - UNIVAC U08. 

Report format listing intermediate pc 
meters and selected telemetry (analo 
and digital points as well as limited 
science data measurements. 


Specific Commands: TBD 

Specific Telemetry Points: TBD 
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TRANSIENT ANALYSIS OF CARDIOPULMONARY FUNCTION 


Data Processing Flow Diagram 
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SECTIOH II - TECHIIICAL IMFORmTION 


.1. OBOECTIVES 

^.a. The general objective of the experiment is to assess the effect 
of zerO “9 on the rate of heat transfer from the body. 

. b. The specific objectives of the experniaent are: 

0) To measure convective heat transfer coefficients under 
operational conditions. Measurements during normal station keeping 
operations and during controlled work are required. 

(Z) To determine the effect of sheeting of sweat in zero-g 
on heat transfer, comfort and the onset of hiciromeiosis. 

2. OUSTinCATIOH 

If the effective ivattedness of the skin is changed in zero-g, 
the effectiveness of evaporative heat loss-vnTI be changed. Such 
a change vjould have effects on thermal equi librium and comfort. These 
phenomena must be investigated and understood to assure proper life suppori 
and habitability systems in future manned missions. 

Maintaining a minimum 15 ft/min air motion in Skylab resulted in a 
considerable power penalty. In addition, our estimation of thermal 
comfort and tolerance is based on the heat transfer coefficients. 

If the heat transfer coefficients are significantly changed, it 
results in differences in the optimum and tolerable thermal environ- 
ment. 

3. BACKGROUND 

a. Brief history of related work: 

Engineering investigations of convection in zero-g have been, 
concerned with heat transfer in liquid solid interfaces and with 

't 

minimizing convection in the high temperature application of sphere 
formation. Historically,' analytical estimations of heat transfer 
coefficients for the-human body using shape approximations vnth 
cylinders and spheres have not been useful because of the irregular 
shape and surface confirmation of the body. 



b. Present development in the field: 

A considcrahla amount of empirical v/ork,^ as well as the develop- 
ment of mathematical models has been done In recent years in the area 
of thermal ccjuil ibrium. However, except for the heat balance studies 
done during Apollo and.Skylab extra vehicular activities, no studies 
have been done on thermoregulation in space. Adequate instrumentation 
is available to measure skin temperature, sweat rate, and related 
environmental factors vnthout a great deal of dcvelopaient required, 

4.' EKPERll'iENTAL DESIGN 

The effect of zero-g on heat transfer from the body has not been 
an operational problem on space flights through Skylab. Hov/ever, 
there is reason to believe that zero-g docs cause changes in body heat 
transfer that have not been defined. There is no free convection 
in zero-g, Minimum forced convection has been required for our zero-g 
flights, but empirical heat transfer coefficients for the body for 
low-level forced convection need to be defined. Zero-g also 
influences the ceding effect of evaporation oP sweat because sweat,, 
does not drip off of the body. This could significantly effect heat 
transfer during long periods of exercise or during sustained high 
temperature exposure.^. • !. 

The baseline convective heat transfer coefficinet in sitting crev/men 
working at a console and working on an ergomster will be measured 
under conditions of operational air flow. To arrive at these values, 
skin temperature sensors, heat flow sensors' on the skin, air temperature 
sensors, and air motion sensors will be monitored for a 3Q-minute time 
period for each determination. . " ■ 

Baseline sweat rates and rate of onset of hidromeiosis will be 
measured on crewmen working on an ergometer fpr a 60~m1nute period. 

Air temperature, wall temperature, humidity, and ergometer work rate 
will be monitored during this period. At 15-minute intervals, 
starch- iodine sweat prints vnll be taken from exposed skin and from 
dry ventilated and saturated capsules oh the skin. At the same 



Intervals,’ accumulated sweat will be removed' from the saturated 
capsule. Total sweat rate will be obtained by body mass measurements 
before and after the exercise. 




SECTION III “ Experiment Engineering Requirements 


A, E quipment Description : 

.1, The hardvuirc for the DTO to. measure convective heat transfer 
coefficient will consist of a harness -of 8. heat flov/ sensors and 8 
thermistors. Heat flov; will be measured from the skin at a measured 
temperature to the environment the temperature of which v/ill be 
measured by a separate thermistor. The air velocity at a fixed distance 
from each proble {6 in) v/ill be measured at the beginning and the end 
of each test period. The handvmre for the DTO to measure evaporative 
heat transfer will consist of the skin tomperature sensors, a scale 
simulating the Inflight BKMD,’ the air velocity measurement device, 
a bicycle ergometer, sv;eat capsules and iodine sweat print papers 
and equipment. If comiplete data is to be assessed in flight, a dissect^ 
microscope to count sweat gland indications on sv/eat prints will be 
required. The sv/eat prints could be returned and counted postflight. 

■An analytical .scale will be required to measure capsule sweat. The 
sv/eat containers could be returned and weighed postflight. The 
equipment definition is in the conceptual stage, the components of 
the electronic system hov/ever are available as off the shelf items. 

2. Linearized interchangeable thermistors and a signal conditionj 
are available from yellow springs instrument company. It is antici- 
pated that a digiteck scanner [K536} will multiplex thermistor 
signals from and through' the signal conditioner and then to a d1g1te| 
panel meter for digital display and A to D conversion. Both an ana"! 
output in the range of 0 to 1-5 volts and a digital 8-4-2-1 BCD out| 
will fae available to the computer. 
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The hoa-t flow sensors are available from thenaonetics corpora- 
tion the mill volt signal from these devices will be scanned with >,he 
di<jitec scanner, amplified arid displayed on a digital panel meter with a 
digital output. Both an analog and a digital output from the heat 
flow sensors will be available to the computer. . * 

The air flovj device is a battery powered device available in 
the laboratory. 

The sweat gland printing equipment and the sweat capsules to 
be used, 'are of a type that has been used by the PI and they will be 
fabricated In-house. 

3, 'a. Skin temperature sensor (8) 



c. Elastic bands with pockets to hold sensors in place (8) 
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d. Scanner for both thermistors and heat flow probes 



f. Heat flov/ sensor amplifier 

. TSD ■ = 2 lb. 


g'. Digital panel meter (2) 



1 I'b. 


h. Air motion sensor 



(4) - 10 lb. 
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y Sweat p)"1nts 



Lucite Cylinder 


2 ounces 


1,5" circle cut sweat absorption (30) 


» 2 ounces 


1.5" circle cut sweat print (50) 


air tight screw top bottles for sweat print papers and (13) 
sv/eat samples 


2 lb/13 bottle 


Grid stamp and stamp pad ' (1) 


Z ounces 


B. Interface infonriation: 


1. Equipment should be located near a console v.'ork station and 
near 'the ergometer. 


2. The electronics will be rack mounted. The sweat print and 
collection equipment will be located in a dravfer. 


3.' Utilities 

Thermistor signal conditioner 
Heat flow amplifier 
Scanner- 

Digital panel meters 
Air motion meter 


Electrical Pov?er \gatts 
■ K) VA 

. TBD 
10 VA 
4 VA 

Batteries 


11 ? 

117 

117 

14 vts 
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4. Support equipment: 
a. Ergomcfcer 
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h. Body mass measurement device . 

■c. Oisecting microscope (desirable) 

d. Small mass measurement device (desirable) 

e. Operational devjpoint msas u remen t, 

5. Data management will .utilise the PDP8 computer in common with 
other experiments. 
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SECTIO!! IV - Operational Requironients 


A* Pref 1 i qhf Requi rgrrionts ; 

Cm-/ training *• the crew must be trained in sensor app-Tication, 
operation of Instrumentation and svj.eat collection and sweat print 
technique. Time required estimated as three 1-hour periods/crev.mn. 

Prelaunch support : 

1. Fresh expendables must be stowed. 

a. - .Batteries for air motion sensor 

b. Sweat print paper 

2. Tare weights of sweat collection bottles must be obtained 
(unless SKiMA is available onboard). 

B , Inflight Requirements ’. 

The experiment will consist of (3) detailed test objectives. Each 
will be repeated two times on each subject for a total of 12 test opera- 
t-iOn:> . 

DTO 1 and DIO '2 vnll be measurement of the convective heat transfer 
coefficient at a work station and on the ergometer at lov/ work rates. 

1. Experiment preparation will consist of donning shorts and 
instrumentation (10-15 min), turning on instrumentation, selection 
and set up of computer program and measurement of air flow rate at 
eight locations and input of results in computer. 

2. During the 30-minute test time the subject will conduct normal 
activities of the console or pedal at- a low power setting on the 
ergometer. 



3, Postflight requirements will consist- of removing tlie sensors 
and stovnng them and stowing the data.. 

DTO 3 will measure the effect of zero-g on evaporative heat loss. 

1. Experiment preparation: 

. a. Skin temperature sensors will be donned. 

b. Sv/eat capsule vnll be donned ventilated -and unventilated. 

c. VHth gloved hands f two of three sv.’eat absorption papers 
will be removed from bottle and placed in the unventilated sweat 
capsule, and the capsule and the bottle containing one remaining paper 
vnll be sealed.- (If SHMO is available onboard, three sv/eat collection 
bottles v;ill be weighed prior to each performance of this DTO.) 

‘ -d. The computer program will be' selected and set up, 
e. Air motion measurements v/ill be made and entered Into the 




computer. 

f. Body weight measured, 

2. Experiment operation; 

The subject vnll work at a moderately high workload on the 
ergometerj at the end of 12 minutes will stop and the observer will 
obtain a body 'weight, remove absorptive S'weat collection papers 
from unventi'lated sweat capsule, make sweat prints at an exposed 
location and from the tv/o sv/eat capsules, and reload the sweat collection 
capsule from a fresh bottle. This sequence v/ill be repeated at 
27 minutes - 42 minutes - and 58 minutes. At 60 minutes, air motion 
measurements will be repeated and results entered into the computer. 
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3. Post-test, operations: 

a. The instruinentation vnll be removed cleaned and stov/ed. 

b. If a SM'-IP Is aboard the three sv/eat collection bottles 
v?ill be weighed if not they will be stowed. 

,c. If a dissecting microscope 1s aboard, the sv/eat prints will 
. be 'damped with a Pem grid and active sweat glands counted for each 
print. If not the prints v/ill be stowed, 
d. The data will be stowed. 

4, Routine maintenance 

Sweat capsules will have to be v/ashed after each use, 

• Postflight requirements: 

• 1. I'f an SMHD and a 'dissecting microscope are not available inflight, 
sweat weights and print counts will be obtained. 

2. The sweat will be leached from the papers with a fixed quantity 
of water an analyzed. 

D. Flight operational requirements ; 

None 

I 

I 

E. Data' support requirements : 

1. Preflight - POPS 

2. Inflight ~ PDP8 
} 

I 

Spacecraft temperature and humidity measurements. Photographic 
documentation of sheeting of sweat. 

3. Postflight 

Return of sweat samples. 
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Da ll Mr: -x r.m' r' :p. p n tg 

Sbato the c:q’ccl;od dais and n»ca sure;acnt charactoriotica in 
the forma t .jpecified bolovr \jhcro applicable. Includa 
addiiioiial or differeni information an neceosaay. 


Equipment Item Lined 1 sensors 

^ ^ . P Heat flwx sensors 

2 inotion sensor 


ParaKistor To So Hoanurod 1 Temperature 

2 Rate of heat flov/ 


KEASUR3PSMT 

GiLill-tCTSIlTSTICS 


EXPECTED VALUES 
0? PARAMETER 

1 

Units (Meters, CMS, etc.) 

1 2 
25 BTU/'H'^ 

3 


Average 

73, 93 i 

i 

30 ft/niin 


Range 

70 - 100°5^ 

10-40 Bm/rT^ 

10-70 ft/ min 


Ho\? Often 

{Sg. Tjjnco Per Day) 
Duration of Each 


l2/m1ssion 


a one minute channel 
scan each C minutes 

Total Dojr.oor in Mission 45Q/c'nar>nGl 
Sample Fata (or CPS of interest) 1 scan/5 inin 


8 measurements 
5 scc/nveasuremen 
heforn and a’i'ter] 
each run 

103 


OUTPUT SIGUIL OF 
INSTilUTSOT 


■ Tjq)e {Digi'tal, Analog, or Bilovels) 1 'Both ^ 


Frequency Ran.ge, Low 
to lligh (C?S.^ H3) 

Airpli tu.de Range 
(Eg, 0-5 Volts) 

Instrxsaent Pvosolution. 
i% Total Scale) 


Low Lov/ 
lOw UTS/‘*F 0-5 vts 
n 5% 


n^ne 

Lov/ 


5% 


: oui'PUT 
POiQUIRS-iEUrS 


lb . of Channels 


1 & 2 


TO 


8 


Sampling Rato ! scans at 

(Times Per Sec., Etc.) intervals 

4 sec/cnannel 

Tolemotry (Pvoal-Tina or Delayed), 

(Check if needed) 

Recorder (Poturnad Tapes) 

(Check j r needed) 



manual sea 


before t a 

Rone 

each test 

None 




: TiHE IDENTIFICATION 
UiETllOD 


(spacecraft Clock or other) — • . ’ 

. spacecraft or comp^tj 
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THE EFFECT OF ZERO-G ON THERMOREGULATION 
Data and Processing 


Data Rate and Format: 


Duty Cycle: 

Processing Done By Experiinent 
Electronics: 

Ancillary Data Required: 


Application ox AncDlar y Data; 
Quick Look Processing Required: 


Preprocessing Desired: 


Algorithms Required For 
Processing Data: 


Processing Time Required: 
Troubleshooting Aids: 


Specific Commands: 
Specific Telemetry Points: 


12 bits /word; 2, 000 words /test 
Raw data - skin heat flow, skin tempera- 
ture, ambient temperature, body weight, 
sweat capsule weight and sweat prints. 

90 min/test, 6 tests/7 -day mission, 

A/D conversion of signals, signal con- 
. ditioning, control of sample rate, cal- 
culation and reduction of data. 

Available air temperature and wall 
temperature in the experiment area. 

Data' to insure standard conditions of 
pressure, gas composition and humidity. 
GMT. 

To define test conditions. 

Tabular presentation of reduced heat 
flow data. 

Parameters -Sweat counts, sweat weights, 
tabulated and sweat chemical analysis. 

Heat £Lov/ and temperature levels will be 
measui’ed, heat transfer coefficients will 
be calculated, weighed and averaged for 
the body. 

HF^ rr (Ta - Tsk) ^ H coefficient^. 

J 1 N N 

H coei X A + H coef x A = Body H coei 

N 


TBD 

Environmental parameters. 

Scan of heat Dow sensors whDe off die mai| 
Analog data from all or selected sensors. 
Selected housekeeping data. 

To star fc multiplexor scans. 

TBD 

















appendix I 


RESPIRATORY PHYSIOLOGY DEMONSTRATION- PULMONARY FUNCTION 
SECTIOl'l ir - -TCCftNICAL INFORMATION 


1. OBJECTIVES : 

• The prime objective of the present program is to qualifjy' man for 
long-duration space flight. Another objective is to document and 
examine the physiological mecha'nisms involved as the pulmonary system 
adapts to v/eightlessness and rcadapts to normal gravity upon return 
to earth. A third objective is to define preflight and inflight' 
screening requirements. A final objective is t.o provide beneficial 
spin-off from these research efforts in order to improve the quality 
of pulmonary function evaluation in the normal clinical environment 
on earth. 

2. JUSTIFICATION : 

It is known that the integrity and proper function of the body 
are dependent upon adequate oxygen del ivery to and carbon dioxide 
removal from the body tissues. Thus, the primary function of the 
pulmonary system is to arterial ize the mixed venous blood through 
elimination of carbon dioxide and addition of ox^'gen. This is 
achieved by ventilation which in turn is a function of tidal volume, 
respiratory frequency, and intrapulmonary distribution of .the 
respired air. Superimposed upon these gaseous factors are the equally 
important considerations of pulmonary blood flow and distribution. 

We believe that the measurements proposed herein comprise the minimum 
number necessary to quantitate pulmonary' function in zero-g, thereby 
providing data to support our contention that man should be qualified 
for spacf^ flights of approximately 2 years duration, 

3. BACKGROUND ; 

Our .approach to the evaluation of pulmonary function in zero-g 
is to develop a comprehensive program including basic research on 
adaptive mechanisms while determining the requirements for crew 
selection and inflight medical monitoring. This program represents 
a logical extension of our knowledge obtained during recent Skylab 
investigations. Briefly, vie cursorily evaluated pulmonary function 
in flight during Skylab by two methods: 1) vital capacity measure- 

ments, and 2) measurement of maximum sustained minute ventilation 
(maximum exercise testing) and evaluation of ventilatory equivalents 
(v% ) during rest and exercisq. Although these measurements 
provided only gross evaluation of pulmonary function, they were 
sufficient to show that man can endure a 3-raonth-duration exposure 
to zero-g viithout serious pulmonary impairment. However, this 
exposure included strenuous physical exercise on a daily basis. Under 
these conditions, we observed approximately a 10 percent decrease - 
in vital capacity and exceptionally high sustained maximum ventilatory 
rates. It must be remembered that these high ventilatory rates were 
possible primarily because of the 5 psia ambient pressure. 
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3) Plcfisc refer to rig. 1. The proposed rock configuration 
for the PDP-8e m1n1-cor.iputcr is shown in Pig. '2. The graphics terminal 
and its electronics arc located as shown in Pig. 3.' 

b. Interface Information 


1) Ho specific location is required for this equipment. 

Z) No specific mounting requirements have been established 
at the present time. 

3) Utility Requirements: 




Electrical 

• 

Gases 

Fluids 


i Power (v/atts) | 



Type, 

Hater, 

Item 

Standby 

, Kaximum 

Voltage 

Frequency 

Pressure 

Liquid etc 

Computer 

Rack 

0 

875 

115 VAC' 

‘ 

60 Hz 



Gas 

Analysis 
Rack 1 

1 

200 

115 VAC 

; 60 Hz 



Storage 
CRT Rack 

i 

150 

115 VAC, 

60 Hz ’ 




A) K/A 
5) K/A 


c. Environmental Constraints • 

1) The normal laboratory environment is satisfactory 'for 
performance of our demonstration. No specific limitations have been 
defined at the present time, 

2) Ho known interference with other experiments is anticipated] 
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4. EXPI:R1H!:NTM DESIGN: 


Concep t: The overall approach to attain the afi 

nientioncci objectives is a balanced program including both extensiv 
inhouse research and selective outside contract efforts. The qual 
cation of man for long-duration space flight will require extensiv 
data on numerous subjects during lengthy exposures to zero~g. The ■ 
experiments necessary to obtain these data arc presently being dof 
The measurements made during LS 1-1 provide a limited but definiti 
data set that includes several common pulmonary function measureme 
This measurement set can be expanded by tlie addition of other hard 
Specifically, v,'e plan to develop a OSC Shuttle payload that vn'll 
include: 1) a gamma camera system for 133xe ventilation/perfusion 

studies; 2) total pulmonary resistance measurements; 3) flow-volum 
loops (inspiratory and expiratory); /|) ear-oximeter monitor for 
evaluation of arterial blood oxygen saturation; and 5) foreign 
gas blood flow measurement techniques. 


Therefore, we intend to evaluate pulmonary physiology in t 
weightless state by the complimentary efforts of inhouse ground- 
based studies and flight studies. It should be emphasized that 
additional outside investigators will be included insomuch as thei 
efforts promise new information, A by-product of these efforts 
vn'll bo the determination of realistic proflight screening measure 
rrioiios and standards foi"' selsctTon 


KJ I 


-PI n-Kp 

paiiciiyci o uiiu ■ i lyni. 


crewmen. 


b. Method and Procedures : This represents^ a logical extensio 

of the previously successful LS 1-1 pulmonary function demonstrati 
It is proposed that we integrate our demonstration system v/ith. one 
for exercise and blood flo'w measurements. The integrated system v/ 
utilize a laboratory mini -computer -(POP-Se) with extensive periphe 
These peripherals will permit more interaction between the investi 
gator and the subject and will provide the capability for more 
graphics output at the conclusion of each test. 


The hardware utilized for these measurements v/111 be total 
new both by item and in overall configuration. For example, we 
propose to furnish a gas/volume analysis rack that will have stand 
alone capability. This rack v/ill include spirometers for measure- 
ment of inspired and expired volumes and flow rates. It will cont 
a Skylab configuration mass spectrometer that has been modified 
to include a dual capillary inlet system and a special control pan 
as well as changes to make it useful in a normal sea-level air 
pressure/composition gas environment. .In addition, this gas analy 
rack vnll contain various respiratory gas mixtures required for 
pulmonary function tests and mass spectrometer calibration (Fig. 1 
A second rack will house the P0P-8e mini -computer and 'its peripher 




Therefore, the propo'sed demonstration vnll include addition 
of a flow/volume loop measurement, corc-cquipment configuration gas 
analysis and computer racks, and a more sophisticated data management 
system. Emphasis vnll be on demonstrating the integration of 
complementary physiological measurements in order to obtain the 
greatest yield of scientific information- through utilization of core. 



SECTIOM III - EXPERIMENT ENGINEERING REQUIREMENTS 


1. EXPERIMENT ENGINEERINr7 REQUIREMENTS : 


a. Equipnient Description 

1) The experiment hardvjare for the gas/volume analysis 
rack is shov/n in Fig. 1, A respiratory mass spectrometer is located 
at the top of the rack. This unit v/as specially modified from the 
original Skylab configuration; Modifications included changing 
the inlet leak design to permit breath-by-breath analysis, and the 
fabrication of a dual capillary inlet system vn'th provision for 
electronic switching between capillaries. This additional flexibility 
permits us to analyze breath composition waveforms at the mouth 
or to batch sample at the exhalation spirometer, A complete control 
panel is included to operate and monitor the mass spectrometer. 
Spirometers for measuring expired and’inspired gas volumes are located 
below the mass spectrometer control panel. The expiration spirometer 
is a standard flight configuration M171 spirometer. The inspiration 
spirometer was specially constructed by the project engineer, Mr. 
lem, to have 7-litors capacity like the exhalation spirometer. This 
important modification permits one to use the spirometers for flow/ • 
volume loops without the necessity of cross-contamination of subjects 
that one encounters v.'hen only one spirometer is employed. The 
remainder of the rad; is devoted to housing experiment gas supply 
cylinders, regulators, .and a special computer switched gas selection 
manifold. This device permits the computer to select calibration 
gas mixtures or various breathing mixtures according to their, 
utilization in the experiment protocol. 


The computer equipment conf fguration is shov^n in Fig, 2. 

The system includes a central processing unit (PDP-8e), disc' drive, 
Analog to Digital converter, povfer- controller and operators panel. 
Digital input-output interfaces mounted inside the CPU, and a graphics 
terminal to be mounted in another rack. Software for this system 
vnll provide for data acquisition, analysis, and display for this 
and other proposed experiments. The operating system will provide 
controllers for all input-output devices, and provision for ex^peri- 
ments which require 24-hour monitoring of experiment signals. 

Software for other experiments will be stored on the Disc, and any 
one can be called and executed by a single key entry on the operators 
panel. The computer will then be dedicated to that experiment 
until completion, however, the cqmputer will continue to provide 
24-hour monitoring as required. Data will be acquired via A/D 
‘converter and digital I/O, reduced and presented on either a small 
digital printer or the graphics terminal. 


“2) The equipment status is that of a sophistocated breadboard 
that employs previously flown hardware together with some laboratory 
development units. 


1-5 



3) Please refer to Fig. 1. The proposed rack configuration 
for the PDP-8e mini -computer 1s shovoi in f1g. 2. fhe graphics terminal 
and its electronics arc located as shown in Fig. 3.' 

b. Interface Information 

1) K'o specific location is required for this equipment. 

2) Ko specific mounting requirements have been established 
at the present time. 

,3) Utility Requirements: 


♦ 

Electrical 

Gases 

Fluids 


Power (watts) 



•Type, 

Water, 

Liquid Mp, et^ 

Item 

Standby 

Maximum 

Voltage 

Frequency 

Pressure 

Computer 

0 

875 

115 VAC 

60 Hz 



Rack 




; 



Gas 


200 

115 VAC 

60 Hz 



Analysis 

Rack 







Storage 
CRT Reck 


150 

115 VAC. 

60 Hz ■ 




4) R/A 

5) N/A 


c. Environmental Constraints 

1) The normal laboratory environment is satisfactory 'for 
performance of our demonstration. No specific limitations have been 
defined at the present time. 

2) Ho known interference with other experiments is anti ci pa 






Equiprnniit Item Used 1 

2 
3 

Paramcto.r To Be 1-foasvircd 1 

2 

3 


E)a^]CCT.3D YkUBS 
OF PAR/U'I£T3R 


>®ASUKS:-.'SUT ■ 
aUiPJX'I’iVilL'SXIGS 


OUTPUT SIGU/i OP 
IKSTPvUl^HT 


OUTPUT 

ljEQinnS--U51JTS 



Uiiits (KGl-ersj GPJS, etc.) 


AverasG 


Fo\i Often 
{Eg. T5j)^cs Per Day) 

Dui'ation of Each 

Total Nomber an Masaion 

Sample Pate (or CPS of interest) 

Type (Digital^ Ar^alog^ or Bil-cvels) 

. f 

Prequer^cy Rarigs^ I>o\J 
to High (CPS., PJ.}, • 

Amplitude Range 
(Eg. 0-5 Volts) 

•* 

instruraent Resolution 
Total Scale) 

w 

ho. of Channels 

Sampling P^ate 
(Times Por Sec.-, Etc.) 

Toleinctry (Real-Time or Delayed) 
(Check if needed) 

Recorder (Returned Tapes) 

(Check if needed) 


I •TIME IDENUFICAllOH (Soacecraft Clock or other) 

t LMWlJAn ^ 


SECTION IV - OPERATIONAL REQUIREMENTS 
1, EXPERIHENT OPERATION REQUIREMENTS 

a. Preflight Requiremeiits: 

Crev/ training can be accomplished in tv;o 4-hour sessions. 
Baseline data can be obtained during an additional three, 1-hour 
sessions. 

Prelaunch support is required to move the equipment racks 
into the building 36 mockup area and to provide all necessary 
interfaces. A suitable vacuum pump v/ill be required as v/as the case 
for LS X-1. 

b. Inflight Requirements: 

1) Experiment preparation Equipment should be turned on 
l“hour pretest. Calibration of the MS should require only 5 min. 

2) Experiment operations - Each subject protocol can be • 
accomplished v/ithin 5-10 min. The protocol should be performed 
each 2 hr during the first 8-hr in flight (total 'of 4 times) and 
daily thereafter. Each crcvman should be a subject for these 
measurements. 

3) Post-operation tasks.- Close-out and cleanup includes 
cleaii.ing of mouthpiece/valve assemblies and verifying that appropriate 
equipment has been returned to the standby mode- This should be 
performed daily and may require 10 min. ' 

t . . 1 

4) Maintenance would be performed only in the event, 
of a failure. Calibration is accomplished preceding each data 
collection period {l.b.l. above). 

c. Postflight Requirements: 

Access to the computer -disc assembly will be required to 
retrieve data. 


2. FLIGHT OPERATIONAL REQUIREHEIi^TS 

No specific requirements have been defined. Hov/ever, it would 
be helpful if the crew v/ere AOS during equipment activation and 
calibration with appropriate air to ground voice communications. 
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3. DATA SUPPORT REQUIHCHEtiTS 

a. Preflight - None defined. 

b. Inflight ~ Spacclab temperature and pressure. 

*> 

c. Postflight - Return of disc packs from PDP'-Be to P.I.'s, 
■ d. Analysis and Processing Support ~ None required. 
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RESPIRATORY PHYSIOLOGY DEMONSTRATION - PULMONARY FUNCTION 


Data and Processing 


Data Rate and Format: 


Duty Cycle: 


Processing Done By Experiment 
Electronics: 


Ancillary Data Required: 


Application of Ancillary Data: 


Quiclc Look Processing Required: 


Preprocessing Desired: 


Algorithms Required For 
Processing Data: 

t 

Processing Time Required: 
Troubleshooting Aids; 

Specific Commands: 
Specific Telemetry Points: 


IZ bits /word, 75 words /test ' 

10 analog housekeeping parameters 

Z hr/ day when used. The instrument, 
could be used more frequently if desired. 

A/D conversion of signals, control of 
experimentation, calculation of inter ~ 
mediate and reduced data, display of 
intermediate and reduced data. 

Cabin temperature, pressure and gas 
composition. 

GMT. 

Necessary for a meaningful interpreta-’ 
tion of the data. 

The .present report format which prints 
test results in tabular form is required. 

It lists the test values for 14 parameters. 
At present, these values are stored both 
on the disc and also are hard-copied via 
a Tektronix CRT -hard copy (device. 

All data are totally reduced at present b’, 
the PDP-'8e computer associated with the 
test system and must be transmitted to 
ground. 

N/A 

TBD 

Certain selected housekeeping, telemetry 
(analog and digital) points as well as limit<i 
science data measurements. 

TBD . 

TBD 
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RESPIRATORY PHYSIOLOGY DEMONSTRATION - PULMONARY FUNCTION 


Data Processing Flow Diagram 







